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PACIFIC MARINE SCIENCE REPORT SERIES 


ERRATA 
TO 
REPORT NO. 71-5 
Page 4: Under headings for the data listing, etc., change: 
TEMP is temperature (Decibars Celsius) to read: 
TEMP is temperature (Degrees Celsius). 


All pages of STD listings without profiles - Lower columns only - 
Change PRESS heading to read DEPTH. 


REPORT NO. 71-6 


Pages 122, 123: STD listings - Lower columns only - Change PRESS 
heading to read DEPTH. 


REPORT NO. 71-7 


Page 3: Other Observations, etc., subsection 111 - Change heading 
Marine Geophysics to read Marine Geochemical. 

Pade. .o': Under: headings for the Data Listings, etc., change: 
TEMP is temperature (decibars Celsius) to read: 
TEMP is temperature (degrees Celsius). 


Pages 54, 55: STD listings - Lower columns only - Change PRESS heading 
to read DEPTH. 


REPORT NO. 71-8 


Page 6: Under heading for the data listings, etc., change: 
TEMP is temperature (decibars Celsius) to read: 
TEMP is temperature (degrees Celsius). 


Pages 54, 58, 66, 70, 76: STD profiles - Apparent Salinity Inversions 
should be ignored as they were generated numerically by 
applying a discontinuous salinity correction - See Fig. 2, 
Page 10. 


REPORT NO. 71-9 


Page 8: Under heading for the Data Listings, etc., change: 
TEMP is temperature (Decibars Celsius) to: 
TEMP is temperature (Degrees Celsius). 


First sentence under Summary of Hydrographic Data - 
for "graphical" read "graphically". 


Pages 42, 43 7°98, 99, 158, 159, T96, 250, 251. STD Listingss= ower 
columns only - Change press heading to read DEPTH. 


INTRODUCTION 


Canadian operation of Ocean Weather Station P (latitude 50°00'N, 
longitude 145°00'W) was inaugurated in December, 1950. The station is 
manned by two vessels operated by the Marine Services Branch of the 
Ministry of Transport. They are the CCGS VANCOUVER and the CCGS QUADRA. 
Each ship remains on station for a period of six weeks, and is then relieved 
by the alternative ship, thus maintaining a continuous watch. The chief 
purpose of the station is to operate as a meteorological station for sur- 
face and upper-air observations and as an air-sea rescue station. 


Bathythermograph observations have been made at Station P since 
July, 1952. A program of more extensive oceanographic observations was 
commenced in August, 1956. This was further extended in April, 1959, by 
the addition of a series of oceanographic stations along the route to and 
from Station P and Swiftsure Bank. These stations are known as Line P 
Stations. The number of stations on Line P has been increased twice and 
now consists of twelve stations (Fig. 1). Bathythermograph observations 
and surface salinity sample collections in addition to being made on 
Line P oceanographic stations are also made at odd meridians at 40' i.e. 
139940'W, 141940'W, etc. Data observed prior to 1968 has been indexed by 
Collins et al, (1969). 


The present record includes hydrographic and salinity-temperature- 
pressure data collected from the QUADRA during the period 14 May to 30 June 
1971 and the VANCOUVER during the period 25 June to 12 August 1971. 
Mechanical and expendable bathythermograph traces obtained on these cruises 
are available on IBM microfiche cards and will be available in digitized 
format on magnetic tape in the near future. 


All physical data has been archieved by the Canadian Oceanographic 
Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript 
Report series of the Fisheries Research Board of Canada (FRB), The Biological 
Station, Nanaimo, B.C., Canada. Requests for these data should be directed 
to FRB. 


Marine Geochemical data are for the Ocean Chemistry Group, 
Marine Sciences Branch, Department of the Environment, the Biological 
Station, Nanaimo, B.C., Canada. 


Bird observations are sent to Dr. M. Myres, University of Calgary, 
Calgary, Alberta, Canada; and Marine Mammal observations to Mr. I. McAskie, 
Fisheries Research Board of Canada, The Biological Station, Nanaimo, B.C. 
Canada. 


Proaram of observations from CCGS QUADRA, 14 May to 30 June, 1971 (P-71-4) 
(CODC Ref. No. 02-71-004) 


Oceanographic observations were made by Mr. P. Vandergugten, 
Marine Sciences Branch, Department of the Environment. 


Dr. C. G. Gruchy and Mr. R. Bowen of the National Museum of 
Natural Sciences, Ottawa, Canada carried out a program of fish and plankton 
studies on this cruise for the museum. 


En route to Station P Line P oceanographic Stations 1 through 4 
were occupied and STD casts made to near bottom or 1500 meters. Due to bad 
weather between Stations 4 and 10 inclusive only XBT casts were made at 
Oceanographic and BT Stations. Station observations between 10 and 12 were 
cancelled. 


I) Physical Oceanography. 


On Station P profiles of salinity, temperature and oxygen 
were obtained as follows: 


1) Weekly Nansen bottle casts to near bottom (4200 meters). 


2) Weekly STD casts to 1500 meters immediately after the 
bottle cast. 


3) Twice weekly STD casts to 300 meters. 
4) Mechanical BT casts 8 times daily. 
5) Bucket surface salinity sample daily at 0000 hrs GMT. 


Other observations made and data obtained at Station P were 
as follows: 


II) Biological and Productivity. 


These data were collected as follows: 


1) Plankton. 
A total of 33 - 50m, 30 - 150 meter and 2 - 1200m vertical 
hauls, seven 10 minute horizontal tows. Daily micro- 
organism samples from the seawater loop. 


2) Van Dorn bottle casts to 200 meters for pigment, nitrate 
and C-14 productivity. 1 cast to 38 meters simultaneously 
with University of Washington vessel R. V. Thomas G. 
Thompson. 


3) Surface nitrate samples at all stations on Line P outbound 
and inbound. 


4) Weekly secchi disk depth measurements. 


III) Marine Geochemistry. 
Samples for Marine Geochemical studies were taken as follows: 


1) Oxygen -once weekly at standard depths from the hydro- 
Graphic cast. 


2) Nutrient samples for silicate, nitrate and phosphate daily 
from the ship's seawater loop as well as from one hydro- 
graphic cast. Hourly samples from seawater loop for one 
48 hour period. 


3) Alkalinity samples once every three days from the seawater 
loop. 


4) Two seawater Cjq samples from the seawater loop. 
5) Weekly air samples for CO? analysis. 

IV) Marine Mammal, Bird and Data Gathered for Other Institutes. 
1) Marine mammal and bird observations were recorded. 


2) A program of fish and plankton data collection was carried 
out by Dr. C. G. Gruchy for the National Museum of Natural 
Sciences, Ottawa, Canada. 


En route from Station P oceanographic Stations 12 to 5 were 
occuppied. STD casts to 1500 meters were made at Stations 12, 9, 8, 6 and 5 
and to 300 meters at Stations 11, 10 and 7. Oceanographic Stations 4 to | 
‘were cancelled due to cable breakage. Standard BT casts and surface samples 
were taken at all Line P oceanographic and BT stations. 


Program of observations from CCGS QUADRA, June 25 to August 12 ,197] 
(P-71-5) (CODC Ref. No. 02-71-005) 


Oceanographic observations were made by Mr. B. Minkley of the 
Marine Sciences Branch, Department of the Environment. 


En route to Station P oceanographic Stations 1 to 3 and 8 to 12 
were occupied and a STD cast to near bottom or 1500 meters was made. STD 
casts were not made at Stations 4 to 7 due to a breakage of the STD bridle. 
Standard BT or XBT casts were made and surface salinity, nutrient and nitrate 
samples taken at all Line P oceanographic and BT Stations. 


I) Physical Oceanography. 


On Station P profiles of salinity, temperature and oxygen were 
obtained as follows: 


1) Weekly bottle casts to near bottom (4200 meters). 


Weekly STD casts to 1500 meters with each bottle cast. 
STD casts to 375 meters twice weekly. 


Mechanical BT casts to 275 meters were made eight times 
daily. 


A bucket sea surface salinity was collected daily at 
0000 hours GMT. 


Other observations made and data obtained at Station P were 
as follows: 


II) Biological and Productivity. 


These data were collected as follows: 


1) 


Plankton 

a) Vertical hauls: daily from 50 and 150 meters and 
twice during the patrol from 1200 meters. 

b) Horizontal tows: Ten 10 minute tows during the patrol. 

c) Daily micro-organism samples from the ships seawater 
loop. 

d) Five 150 meter plankton hauls for nutrient analysis. 


Three Van Dorn bottle casts to 50 meters and a surface 

sample every other week for plant pigment, nitrate and 

Cyq productivity. 

x Three Nansen bottle casts to 200 meters for nitrate 
Samples. 

b) Weekly secchi disk depth observations. 


III) Marine Geochemistry. 


The following samples for marine geochemical studies were 
obtained as follows: 


1) 
2) 


Weekly oxygen samples from the hydro casts. 

Nutrient samples: -once at standard depths from a hydro 
cast, once daily from this seawater loop and at hourly 
A ids for one 25 hour period also from the seawater 
oop. 


sa sample once every three days from this seawater 
oop. 


Two seawater Cjq samples from this seawater loop. 


Weekly duplicate air samples for C02 analysis. 


IV) Marine Mammal, Bird and Observations for Other Institutes. 


1) Marine mammal and bird logs were kept. 
2) Rainwater and surface samples for Scripps Institute of 
Oceanography were obtained. 


En route from Station P oceanographic Stations 10 to 3 inclusive 
were occupied and STD casts to 1500 meters were made. BT casts were made 
and surface salinity, nutrient and nitrate sample collected at all Line P 
Stations. 


Data was processed by Messrs. P. Vandergugten, C. de Jong, B. 
Minkley and D. Smith, and assembled and edited for publication by Mr. K. 
Abbott-Smith. 


Observational Procedures 


Temperatures at depth were measured by deep-sea reversing 
thermometers of German (Richter and Wiese) or Japanese (Yoshino Keiki Co.) 
manufacture. Two protected thermometers were used on all Nansen bottles, 
and one unprotected thermometer was used on each bottle at depths of 
300 m or greater. The accuracy of protected reversing thermometers is 
believed to be + 0.02C. 


Surface water temperatures were measured from a bucket sample 
using a deck thermometer of + 0.1C accuracy. 


Salinity determinations were made aboard ship with a Hytech model 
6220 lab salinometer on cruise P-71-4 and with an Auto-Lab model 601 Mark 111 
inductive salinometer on cruise P-71-5. Accuracy using duplicate determina- 
tions is estimated to be +0.003 ppt. 


Depth determinations were made using the "depth difference" 
method described in the U.S.N. Hydrographic Office Publication No. 607 
(1955). Depth estimates have an approximate accuracy of +5 m for depths 
less than 1000 m, and +0.5% of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in the shipboard laboratory 
by a modified Winkler method (Carpenter, 1965). 


Salinity-temperature-pressure data were obtained with a Bissett- 
Berman Model 9006 STD on cruise P-/1-4 and with a Bissett-Berman Model 9040 
STD on cruise P-71-5. 


Computations. 


All hydrographic data were processed with the aid of an IBM 360 
computer. Reversing thermometer temperature corrections, thermometric 
depth calculations, and accepted depth from the "depth difference" method 
were computed. Extraneous thermometric depths caused by thermometer 
malfunctions are automatically edited and replaced. A Calcomp 563 Offline 
Plotter was used to plot temperature-salinity and temperature-oxygen diagrams, 
as well as plots of temperature, salinity and dissolved oxygen vs logj9 


depth. These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas 
interpolation method (Reiniger and Ross, 1968). These data are indicated 
with an asterisk in this data record. 


Data values that we suspect and are included in this data record 
are indicated with a plus. These data have been removed from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument 
have been hand digitized, then replotted using the Calcomp Plotter. 
Digitization was continued until original and computer plotted traces were 
coincident. Temperature and salinity values were listed at standard 
pressures; integrals (depths, geopotential anomaly, and potential energy 
anomaly) were computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in meters 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 
SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 

POT EN is potential energy in units of 108 ergs/cm@ 
OXY is the concentration of dissolved oxygen expressed in 


milliliters per liter 


V-B is the Vdisdld-Brunt period in minutes 


Summary of Hydrographic Data 


The data are graphically summarized as follows: 


Composite plots of temperature vs 10g]q depth (Fig. 4, P-71-4) and 
(Figs. 10, 11, P-71-5). 


Composite plots of salinity vs 1og]q depth (Fig. 5, P-71-4) and 
(Figs. t2e)l3, Pe/1-5). 


Composite plots of oxygen vs 10g} depth (Fig. 6, P-71-4) and 
(Figs. 14,915, P©71-5). 


REFERENCES 


Carpenter, J.H. 1965. The Chesapeake Bay Institute Technique for the 
Winkler Dissolved Oxygen Method. Limmnol. & Oceaogr., 10: 141-143. 


Collins, C.A., R.L. Tripe, D. A. Healey, and J. Joergensen, 1969. The 
Time Distribution of Serial Oceanographic Data from the Ocean 
Station P Program. Fisheries Research Board of Canada, Technical 
Report No. 106. 


Reiniger, R.F. and C.K. Ross, 1968. A Method of Interpolation with 
Application to Oceanographic Data. Deep Sea Re. 15: 185-193. 


U.S.N. Hydrographic Office, 1955. Instruction Manual for Oceanographic 
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Chart showing Line P station positions. 
Bottle - STD salinity value difference profiles P-/71-4. 


Reversing thermometer - STD temperature difference profiles 
P-71-4. 


Composite plot of temperature vs 10g]9 depth P-71-4. 


Composite plot of salinity vs logjg depth P-71-4- 


Composite plot of salinity vs 1logjg depth P-/1-4. 

T-S plot of surface temperature and salinity observations 
on Line P (asterisks) and at Station P (pluses) during 
P-71-4. 

Bottle - STD salinity value difference profiles P-71-5. 


Reversing thermometer - STD temperature difference 
profiles P-71-5. 


Composite plot of temperature vs 10g]q depth P-71-5. 
Composite plot of temperature vs 10919 depth P-71-5 
Composite plot of salinity vs log}g depth P-71-5. 
Composite plot of salinity vs logjg depth P-71-5. 
Composite plot of oxygen vs logjq depth P-71-5. 

Composite plot of oxygen vs log} depth P-71-5. 

T-S plot of surface temperature and salinity observations 


on Line P (asterisks) and at Station P (pluses) during 
cruise P-71-5. 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-71-4 
(CODC REFERENCE NO. 02-71-004) 
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Composite plot of salinity vs 1ogjq depth P-71-4. 
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RESULTS OF STD CASTS 
(P-71-4) 


cg 7. 


PaCIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 71- 4- 1 DATE 15/ 5/71 
PUSTTION 48-33.0N, 125-33.0W GMT 0.7 
RESULTS OF STP CAST 41 POINTS TAKEN FROM ANALOG TRACE 
PKESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
if D EN 
0 9.78 31.11 0 zoene 39339 0.0 0.0 
me) 9.14 31.32 10 242-24 369.0 9.39 0.02 
20 8.57 31533 20 24249 345.3 0.75 0.07 
30 7248 32214 30 Zoek 3 285.1 1.96 Os 15 
59 7218 32.98 50 23605 218.8 iso8 9.36 
75 T7207 33.37 fs) 26-15 188.2 2.09 0.68 
109 6.88 33.67 99 26.42 163.7 2.53 1.08 
TSR Ba TEMP SAL DEPTH TEMP SAL 
om 9.78 GM Cr ht 366 7.39 32 
4s 9.78 S1els 40. 7.36 32 
5 $.84 31.216 47. T.21 32 
5. 9.79 31-17 49. 7220 32 
Be 959 31.26 50. 7.18 32 
9. 9.16 31230 55 7226 33-04 
10. 9.14 31232 56. Lew a) as 
12. Sere 31.34 61. 1.17 33 
14. ce 31.35 66. 7213 2 
16. 9.06 eg OS Yo 12. 7.09 33 
18. &€.76 31.40 78. 7205 33 
19. 8.63 31.50 86. 1205 33 
20. 8.57 31253 88. 12.03 33 
22 8.55 By 90. 6.97 33 
23. 8.50 31.62 STs 6.88 33 
Zs iso7 31.94 103. 6.88 33 
266 7255 32.06 104. 6.89 33 
ad 7.51 32.11 114. 6.89 | 
32.6 71.46 32.16 115. 6.88 33 
34. 7246 32.20 120. 6.88 33 


35-6 741 Slee 


SOUND 


1485. 
1483. 
1481. 
1478. 
1478. 
1478. 
1478. 


as5e 


PaCTFIC OCEANGGRAPHIC GROUP 


REPERENCE NGS 1—'"4— 2 DATE 15/7: S744 
PUSTTION 48-38.0Ny 126- 0.0W GMT 257 
Reo UPTS (OF SiP CAST 46 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH STIGMA SVA DELTA POT. 
Aj D EN 
0 9.37 31.55 0 24239 355.0 0.0 9.0 
10 9.18 31.57 10 24243 351.3 0.35 0.02 
20 8.13 31.80 29 eel t BUGet 0.69 9.07 
30 7245 Se.8e't 30 252-24 274.8 0.99 0.15 
50 7236 33.04 50 2908S V2ZT6 ur 1.47 0.34 
ye) 7250 33.45 75 26.16 188.0 1.98 0.66 
i060 6.75 33.82 99 266595 “RS 2240 Le0> 
DEPTH TEMP SAL DEPTH TEMP SAL 
OD. 9.37 oR ee) 50. 1.36 a3 
66 9.38 321.56 51. 7245 33.00 
Te 9.30 31.56 54 71240 33 
Be 9523 31.56 55% 7.46 38 
ll. 9.15 Ble ot 62. 7.48 25 
l2. 9.05 31.58 63. Teo 33 
14. 8.76 31.263 68. 7252 33 
16. 8.67 op ew 4 / T0-6 7.51 5355" 
17. 8.22 31.73 TT. 72.49 33 
20. 8.13 31.80 78. 1245 33-6 
226 8.08 21.86 80. T7246 33 
226 8.02 31.86 82. 1242 a3 
24-6 oP owe 321.94 84. 7242 33 
266 Lato 32.203 84. 7.31 33 
28-6 7264 32.10 B86. teu 33.65 
31. 1.36 32.36 B6. 7212 33 
32 0 7.235 32240 88. TeGT a 
34. Toll 32246 91. 6.93 33 
36. Ta0t 32.2690 94. 6-80 33.78 
42. 7209 32.72 96. 6.80 33 
44. 7220 32.76 96.6 6.77 33 
46. Te21 32.82 100. 6.75 33.82 


48. Took 32.96 114. 6.74 33 
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PaCITFIC OCEANOGRAPHIC GROUP 

REFCRENCEVNOSTS Mey 3 DATE 15/ 5/71 

PUSITION 48-42.0Ny 126-40.0W GMT 4.7 

RESULTS OES TRACAST 117 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 9.71 31.34 0 PSV 119237527 0.0 0.0 
10 9.37 31-40 10 24.27 366.5 0.37 0.92 
20 9.43 31.70 20 24250 345.3 0.73 0.07 
30 8.83 31595 30 24.78 318.0 1.06 0.16 
50 7.67 32.53 50 r5.447 "258.8 1.63 0.39 
75 71243 32 288 75 252724) 230.0 2224 0.77 
i00 7-62 33.60 99 26.26 178.9 eet 1.22 
2:2 7.214 33276 124 26245 161.2 3.18 ivi 
150 6.36 33.84 149 26.55 152.0 3256 2<20 
zi5 6.54 33.86 174 26261 146.6 3.94 2287 
200 6218 33.288 199 26-67 140.9 4.30 3256 
ee. eye | 33.90 223 26471 “L3H .2 4.64% 4.31 
250 5.80 33.91 248 266 14+ ° 134.5 4.98 Del 3 
309 5246 33.596 298 26282 12744 5.64 6.97 
40 0) 4.179 34.03 B97 26.96 ° 115.2 6.85 11.27 
200 4.58 34.13 496 27.06 106.2 7.96 16.36 
00 0 4.28 34.22 395 27216 97.3 8.98 22.08 
300 4.01 34.35 193 27.29 86-1 10.81 35.08 
1vu00 3252 34243 991 272-41 T1621 12-243 49.88 


i2u0 3015 34.49 1188 29349 ~ 69.0% 713087 66.09 


SOUND 


1485. 
1484. 
1484. 
1483. 
1479. 
1479. 
1481. 
1480. 
1479. 
1479. 
1478. 
1477. 
1477. 
1476. 
147 55 
1476. 
1477. 
1479. 
1480. 
1482. 
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PACIFIC OCEANOGRAPHIC GROUP 

KRcoFERENCE NO. 71- 4- 4 DATE 15/7] 677) 

PUSITTION 48-47.0Ny 127-40.9W GMT 8.2 

RESUUTISUOF STP. CAST. 125 POINTS TAKEN FROM ANALCG TRACE 


PKE SS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T i) EN 
0 8.94 31.86 0) 24.210 325.6 0.0 0.9 
10 8.33 31.96 10 24.87 309.8 0.32 0.02 
raat, 8.34 32.03 20 24.92 304.8 0.63 0.06 
39 8.20 32.07 30 24.98 299.7 0.93 0.14 
50 6.99 32.53 50 Zmole 24 a5 1.47 0.36 
fs) 6.91 32.80 Res Qo eyl 2) Leal 2207 0.74 
109 7044 Bp lye. 2 99 Dimes VEZLS ZenD 1.20 
12 5 Peg5 33.77 124 26244 162.0 3.02 1.69 
150 65.99 33.85 149 262654 152.6 3.41 2023 
iifsd 6.78 33.90 174 26-61 146.6 3.78 2286 
<09 6.50 33.92 199 26.66 142.0 4.14 3.54 
2D 6.20 33.94 223 26072 136.9 4.49 tee ied 
250 6.07 33.296 248 262-75 134.2 4.82 Sell 
3U0 5255 33.97 298 26.81 128.8 5248 62.94 
+00 5.10 34.04% Bir 26.93 118.2 6.71 11.33 
200 4.61 34212 496 21205' 107.5 7284 16.49 
000 4.39 34221 595 27.14 9940 8.88 22.230 
300 3293 34.34 7193 27.29 86.1 10.72 35.41 
Lud0 3246 34.44 991 27242 74.28 12.33 50.11 
1200 3303 34.49 1188 27.50 67ud! 1384076 66.11 


1500 2253 34.57 1484 27261 ‘S7'ed!) 153637. 9IS6a 


SOUND 


1482. 
1480. 
1481. 
1480. 
1477. 
1477. 
148C. 
1489. 
1480. 
1480. 
1479. 
1478. 
1478. 
1477. 
1477. 
1475. 
1477. 
1479. 
1489. 
1482. 
1485. 
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PACIFIC OCEANOGRAPHIC GROUP 


RcoFERENCE NO. 


T1- 4- 


PUSITION 49-42.0N, 
Rio GUT Ss GUEPS Le eCAS | 


PnicSs TEMP 


0 6.49 

10 6249 
29 6.248 
30 6.38 
50 6.16 
15 Dane 
LO0 Sach 
i25 5206 
190 52938 
ii> er heh) 
2090 5.90 
225 Safa 
239 5.248 
309 4.85 
400 4.08 
3200 385 
000 S210 
300 3243 
ivOO0 3.09 
Lz00 a ee: 


150) 2235 


SAL 


3266 
32.66 
32267 
32.67 
32274 
3282 
32.34 
32.87 
33449 
33.74 
33.84 
33.289 
33489 
33.88 
332.90) 
34.06 
34.216 
34.31 
34 240 
34.47 
34.255 


oe 


DATETLTS’ S7Aak 


4.5 


108 POINTS TAKEN FROM ANALOG TRACE 


> 

149-40.0W GMT 
DEPTH SIGMA 

T 
On. 25667 
10, 25.67 
20 25.68 
30 25.69 
50 25.78 
75 = 25.92 
99 25.97 
124 26.01 
149 26.40 
174 26.58 
199 26.67 
223. 26.73 
248 26.76 
298 26.83 
397 26.97 
496 27.08 
SGbe 24617 
Wag 2te32 
990 27442 
1188 27.51 
1484 27.61 


SVA 


2.3)3' oh) 
233.4 
232.7 
23 1a) 
223.5 
210.5 
206.0 
202.5 
165.9 
148.7 
140.4 
135.3 
132.2 
126.2 
113.4 
103.5 
9569 
82.7 
73.7 
‘63-—7 
57.1 


DELTA 
D 
0.0 
0.23 
0647 
0.70 
1.15 
1.70 
20626, 
2273 
Se19 
3459 
3693 
4.29 
4.63 
Deca 
5.46 
7.54 
8.54 

10.34 

11.91 


L4as294 


15.13 


POT. 
EN 
0.0 
0.01 
9.05 
O11 
0.29 
0.64 
1.10 
1.69 
2234 
2.99 
3267 
4242 
eres) 
7.03 
Liezd 
16.23 
21.80 
34260 
48.93 
64.43 
89.6% 


SOUND 


1474. 
1474. 
1474. 
1474. 
1474. 
1471. 
1471. 
1479. 
1475. 
1476. 
1476. 
1475. 
1476. 
1474. 
1472. 
1473. 
1475. 
1477. 
1479. 
1480. 
1484. 
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PaCIFIC OCEANOGRAPHIC GROUP 


REE GRENCE NO. Li— 4— 7 DATE 20/7 5/T1 
PUSITTION 49-57.0Ny, 144-57.0W GMT 18.1 
RESUCTS OF STP CAST 53 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
ef D EN 
9) a fa 32274 0 25.83 217.9 0.9 0.0 
10 5.69 Bead 10 252-84 21724 0.22 0.01 
20 5.68 32.76 20 23a Ds ELD. T 0.43 0.04 
30 5.66 32.76 30 223—0 5.021500 0.65 0.10 
50 Da 3 32.79 50 rane Bm oat Ra ee, 1.08 0.77 
toe 4265 32.82 15 26-01 201.3 tao 0.60 
100 4.55 Yarns ie) 99 Pie OS) 19957 2209 1.95 
Lz 5 4.33 32.96 124 260.16 187.9 2259 1.61 
i590 4240 Cede) 149 eoe!O, 137.0 Paes & f 2e15 
1 fee) 4.29 33.75 174 a, cet Bs Pani Ged <1 3) 3230 26 Ge 
2009 Ae Be, 33519 LoS 26.83 124.4 ped 3250 
peo 4.07 38% 82 Ze 2O00 1)” 1215.4 Je02 3296 
250 4.00 33.85 248 26259 119.1 4,23 4.69 
300 esis 33.99 298 262-95 114.1 4.81 632 
400 2.13 34.204 397 27.08 103.0 5.88 10.14 
2u0 3258 34.14 496 Zuel? 94.7 6.87 14.65 
000 3.44 34.220 245 27223 89.5 1279 19.81 
300 Sahl 34.32 7193 27-36 1845 9.47 31.72 
1u00 22-84 34.239 990 214%  FTleil 10.97 45.41 
1209 2260 34.46 1188 27651 Ode © 112.33 60.68 


i2v00 2230 34254 1483 27.60 57-3 14.16 85.81 


SOUND 


| Ee ft las 
1471. 
1471. 
1471. 
1470. 
1468. 
1468. 
1468. 
1469. 
1469. 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1434. 


EBS. 


ves 
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me 8 
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DN 
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Sieye ges saisuee 


300 


3195 
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musuemel Toy 7) 
3 4 5 
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Pee woe, 
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PACIFIC OCEANOGRAPHIC GROUP 


mcr eKENCe NOViTi 4— +8 are 227 Loy Ow 

PUSTTION 50- 0.0Ny, 145- 0.0W GMT 18.5 

ReSuLT, GF STP CAST 37 POINTS TAKEN FROM ANALOG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
0 6214 sea Bs 0 22enl 2s 0.0 0.0 

10 6.08 32.79 10 2asur 2 bed 0.22 9.01 
20 ee | 32.80 20 2280  2Yoe 0 0.44 0.904 
30 5.7) 32.81 30 Lend” 2135's 0.65 0.10 
50 5.11 32.77 50 Lote 20st 1.07 0.27 
5 4.50 32 284 13 2oe0> §6F9t et 1.58 0.59 
100 4243 32.85 es 26206 P960.T 207 1.93 
2-5 4.36 33.26 124 26639 165.9 eet bee A 
i5'0 4.36 33.76 149 26.79 128.5 2290 2-06 
T'S 4.26 33.80 174 26.83 124.9 3-21 2259 
209 4.14 33.83 os econo) P22 3252 bad bl 
aa> 4.10 33.86 Ze 26.90 118.7 3.82 3.82 
250 4.94 33.39 248 2oege LiG.3 4.11 4.54 


300 3.85 33.94 298 26630 110.9 4.68 6212 


SOUND 


1473. 
1473 ® 
1472. 
1471. 
1469. 
1467. 
1467. 
1468. 
1469. 
1469. 
1469. 
1469. 
1470. 
147C. 
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PACIFIC OCEANOGRAPHIC GROUP 


RcFERENCE NO. 71-' 4- 
PUSTTION 5O0Q- 2.0Ny 
Rew, OF STR? CAST 
PRESS TEMP SAL 
9) 65513 32ient 3 
10 6.25 32214 
20 6.21 32-74 
30 6.15 32.274 
50 5.68 32.77 
he 4.69 32.80 
100 4.43 32282 
lized 4.23 32489 
150 4.23 Bs Cs 
ivi 4.18 Soted i 
200 4.07 33700 
Lge 4.03 33.85 
250 au 33.89 
200 Sno 33%.95 
400 3s (0 34.07 
200 Bel 34.15 
600 CPS be] 34222 
300 3210 34232 
1u00 2.85 34.38 
12zvo0 Zed 34.245 
1500 CCS | 34.53 


10 
145- 4.0W 


NEPTH 


A 


DATE 24/ 5/71 
GMT 21.7 
73 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
Vf 
25.74 
25276 
Covet: 
25.78 
25.86 
26.00 
26.04 
26.11 
26.78 
26.81 
26.85 
26289 
261093 
LORS 
27.210 
27.18 
2wiee 
27.36 
27.43 
27.51 
27.60 


SVA DELTA 
a) 

22D 0.0 
A aoe a A 0.23 
2241 0.45 
Leen 0.67 
216.0 Dros id 
203.0 1.64 
199.2 2214 
192.1 2263 
129...3 3.01 
126.1 ase 
122.8 3264 
119.0 350 
115.4 4.24 
110.0 4.80 
100.4 5.85 
42 Te ea) 6.82 
87.5 1643 
18.4 9.38 
W2e>) RO.69 
6569 W222 26 


57Te7? 14213 


POT. 
EN 
0.9 
0.01 
0.05 
9.10 
0.28 
0.62 
1.96 
1.63 
Dowie 
2-69 
Sac 
3592 
4.64% 
6.21 
9495 
14.39 
19.45 
SIT 
44.97 
60242 
85698 


SOUND 


1473. 
1473. 
1473. 
1473. 
1472. 
1468. 
1467. 
1467. 
1469. 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1478. 
1480. 
1483. 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NOS tti~ 4— 11 CATE. 27, Ss oy 

PUSITION 50- O0.ONy 145- 5.0W GMT 18.2 

RESULTS OF STP CAST 44 POINTS TAKEN FROM ANALCG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T Dd EN 
0 6.13 32.73 9 Coed. +2235 0.0 0.0 

10 6.11 32.75 10 CA IST Coe aa AC A A | De 22 0.01 
20 6.10 Sze) ial, 20 25200 22046 0.44 9.05 
30 6.09 2 yadeng a 30 vee ag 220) eb 0.66 0210 
50 5234 32.80 0 Peer ea a 1.10 9.28 
[pee 4.172 32 . 83 15 26-01 201.3 1.61 0.60 
100 4.39 mya 99 Z260%0> 197.1 2-11 1.05 
fof les 4.29 33.06 124 262-24 180.1 2259 1.69 
150 4.12 33.69 149 2060, Loalee Ze 30 2el1l 
sg Me Ree 33515 174 Zbeo2’ (125.5 3.28 2.64 
200 3.93 fo 1S ek fal) 199 26.86 121.9 BeoF 3.23 
Zin 3.88 33.84 ce Be! 26690 LLls9 3.895 3.88 
220 3.86 33.88 248 26.94 114.7 4.18 4.58 
300 3.80 BS he rae he! 24000 109.7 4.74 62.15 


SOUND 


1443). 
1473. 
1473. 
1473. 
1470. 
1468. 
1467. 
14458. 
1468. 
1468. 
1468. 
1468. 
1469. 
1469. 


BED 


300 


ag) 
600 


CO 
=) 
C 


ARE SoU Pres 


1200 


5p 


SN 1 I psyon Oi a0) 
aptind Nes 3 


itm. ei = Uo - 1.3 
“Oso 6.0) N .othS-e. 0. W 


HOeaG BAY se GNI-21,. / 


G lee 
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Sele 


PACIFIC OCEANOGRAPHTC GROUP 


SCere ue wc, Nie (i= 4—" 13 DATE. 2/ 6/ii 
PUST TION 49-58.0N, 145- 2.0W GMT 21.7 
hey oUnS Ge srr CAST 63 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SA DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 6.51 Pa’ (a) 0 opie tt 22526 0.0 0.0 
‘$e 6.50 Waa BF f 10 2p ei Dee 300 9.23 0.01 
20 (oe IE f Sead 4 20 25277 223.29 0.45 0.05 
30 Sis 2 Seat t 39 Ziel? ect l 0.67 9.10 
50 5.88 32.275 50 23002 £1948 1.12 9.28 
15 4.49 32650 15 26.01 201.1 1.64 9261 
i00 4.22 32.85 99 26.08 (195.7 2.13 1.06 
Le 5 4.16 See She] 124 26.28 176.4 2261 1.60 
120 4.10 33.68 149 POp fo LS) wit veo Vers ES) 
Lt > 4.02 33.76 174 eOsbc L25ek Beal 2-66 
200 4.02 33.81 od POeDpo 1 telsd 3262 Beas) 
a siae) 3.94 33.84 a ee) 26.990 118.7 WES Pa Se 0 
259 a A 33.88 248 20025 1) Dail 4.21 4.61 
300 3280 es ie 298 ZOest Lids, 4.78 621 
+400 3.66 34.04 B97 M1408 10264 5.85 9.99 
26 0 mere 34.214 496 Die Ane 94.2 6.83 14.47 
200 Bead 34220 he fe) 27224 89.9 7.274 19357 
609 3.07 34.31 193 Zi<35D 18.8 9-42 31.48 
Lud0 2-30 34.239 990 27244 1.2) 16.92 45.26 
1200 2256 34246 1188 ets 52 64.6 12.28. 60.48 


1500 PAL | 34252 1483 24059 58.4 14.13 85.80 


SOUND 


1474. 
1474. 
1474. 
1473 « 
La 12. 
1467. 
1467. 
1458. 
1468. 
1469. 
1469. 
1469. 
1469. 
1471. 
1472. 
1475. 
1477. 
1480. 
1483. 


SSD 


ho 


ag) 
ie a 


AS) 
ne, 
Om: 


MricserepG) apace. 


300 


3/935 


=i 2 


SALSUN TT ears 
3 3 5 


Ale pacer BIN AGhes ? Ufa Mins pie LE! 
SOSOC ON Tub = 0 0iN 


MOV ODA SOG Mel slegenc 


G 
Me Wine ini|l | Wire ae a 


ie 


16 


SINS 


PaCTFIC QCEANOGRAPHIC GROUP 


ReF ERENCE NO. Til- 4- 14 DAVE S/S 36/77 
PUSTTION 50- 0.0N, 145- 0.0W GMT 18.2 
RESULTS GF STP CAST 41 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T P) EN 
a) 6.60 32.274 0 25512 0 22354 9.0 0.9 
10 6253 32274 19 Zee Ses Oates 9.23 0.01 
20 644 32.274 20 Oot 22 105) 0246 9.05 
30 6-41 32.74 30 25513 22604 0.68 O0.1¢ 
50 6.01 322176 50 rae cht Ouran” SAT g i213 Os79 
175 4.62 a 15 26.01 201.8 1.65 9.62 
iv 9 4.39 32.633 oy 266,05.) 19851 215 1.06 
i2d 4224 32.286 124 26.05 194.3 CaS 6/5) 1.63 
ing 4.13 33225 149 26.41 164.1 3.11 coud 
i75 4.06 34209 174 26/6, ' 130.4 3246 2.86 
200 3.99 3S ef J 199 DOs 85.) ete 3.78 3.46 
2os0 362 1 33.82 223 26.88 119.8 4.09 4.13 
220 3296 23.88 248 2639S Loni 4.38 4.84 


209 3282 33294 298 26299 110.6 4.95 6.43 


SOUND 


1474. 
1474. 
1474. 
1474. 
1473. 
1468, 
1467. 


1467. 


1467. 
1468. 
1468. 
1469. 
1469. 
1470. 


2hGO 


306 


DB 


600 


CO 
SS 
=> 


PRES SUE s 


Leo 


at, We: 


SaLINI. 1 eames 
6 Ae & 5 


foo. Ji - Y — 
Uaioe §8UR-59.0 NW 


Oreo GMI-21.8 


G le 
EMRE wie, C 


PaCIFIC OCEANOGRAPHIC GROUP 


ROmeeeNUe ONGs 1 1-— 4— 
PUSTTTON 50- 1.0N, 
ROSUCTS UF STPECASy 
PKE-SS LEMP SAL 
0 6.74 32274 
10 6.73 32276 
20 6.71 32.77 
30 6.54 age oF | 
50 6.31 any Ba) 
LS: Stl) 32.281 
1U0 4-40 Wager okea) 
<2> 4.70 32294 
450 4.08 33.49 
i Ps = vic hey ee MS 
<00 Sis Wd 33.82 
adie 3288 33.87 
250 ES ihe) SU NZ 
300 EBA © We 33298 
400 oeaeke, 34.10 
200 32.95 34.18 
030 3241 34.227 
300 3.08 34.37 
iyO0O 2-80 324.44 
12uU9 Zaot 34.51 
1500 Pied 34.57 


16 


“Soe 


DATES ts Gb 
144-59.0W GMT 21.8 
50 POINTS TAKEN FROM ANALOG 
DEPTH SIGMA SVA DELTA 
q, ) 
@) 25010 230.1 9.0 
10 Cee te he Og? 0.23 
20 Tlie PST Ge lan a Al GS | 0.46 
30 he. LT hg oh LA | 0.69 
50 CAS OPE sO ENA f Peps 
Vee 254 95%206.3 1.68 
he 26.06 196.7 ede Wis 
124 26015 ,LBts2 2-67 
149 2OetS 13058 3207 
174 26.84 123.1 3.38 
29 260588 119.6 3268 
223 Bede, Loa 3.98 
248 26.97 112.0 4.26 
298 Ble02 107.6 4.81 
ro lit G CieaS 98.1 5.84 
496 27220 91.4 6.79 
595 ae (OP a) 84.0 1.07 
193 27.40 74.5 9225 
990 27248 67.5 10.67 
1188 27.56 S160: PLISSS 
1483 21263 54.7 13.69 


TRACE 


POT. 
EN 
0.0 
).Ol 
0.05 
Sa 10 
0.29 
0.63 
1.28 
1.64 
Aa eS 
PLP 
3.230 
3.93 
4.62 
ae 16 
9.89 
14.13 
19.03 
30.28 
43.22 
57.56 
81.50 


SQUND 


1475. 
1475. 
1475. 
1475. 
1474. 
1470. 
1467. 
1468. 
1468. 
1468, 
1469. 
14469 ® 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


CS Ge 


19 


1) 
yh 


PAS ul ner 


ae, 
DO 
Cn 


SHU 


Ola ssbar bpipoesce UA OD 
3 3 


a 


3 


lee, UG 7a: an | 


Goo mumteee tor 6.0 W 


MOV oe GMIT-16. 1 


0 ie 
VER URE, C 


Pact TFIC OCEANOGRAPHIC GRCUP 


KEPERENCE-NO. 7d>( 4 
PUSTTION 49-59.0N, 
RcoULTS. OF. STR CAST. 
PRESS TEMP. S AL 
0 6249 Bere 13 
10 6.49 320 1D 
29 6.51 32.6 1D 
3.0 6.52 32re 1D 
50 6.55 32276 
G5 5.16 S2ne 19 
ivd 4.44 Bene 85 
Ls) 421 32n0 85 
ioe 4.13 33.256 
iv5 4.02 33.284 
200 3096 33.89 
222 3 9G 33294 
Pao te) 3.86 33.99 
30 3.80 34.206 


17 


o57. 


39 POINTS TAKEN FROM ANALCG TRACE 


DATE: FO/) 67 73 
145- 8.0W GMT 18.1 
DEPTH SIGMA SVA 
T 
0 2Bie len Pete D 
10 Coe le 22661 
29 25274 226.8 
30 250674 226.9 
50 fe lety Lela 2 
75 fon 3m Choe O 
93 26.04 198.6 
124 26.08 195.0 
149 26265 141.9 
174 262089 1,18,.8 
199 26.93 114.9 
223 262.958 110.9 
248 tes Cie LO0Ge9 
298 27.C8 101.4 


DELTA 
) 
0.9 
0.23 
9.45 
0.68 
1.13 
1.68 
2218 


2268. 


3212 
3.45 
307% 
4202 
4.29 
4.81 


Pildes 
EN 
0.0 
9.01 
0.905 
0.210 
0.29 
9.64 
1.08 
1.65 
Lue Qik 
2-81 
3.36 
Ais Sal, 
4.63 
6.08 


SOUND 


1474. 
1474. 
1474. 
147 Ds 
1475. 
1470. 
1467. 
1467. 
1468. 
1468. 
1468. 
1469. 
1469. 
1479. 


SG 


CO 
ae) 
se, 


PRESSURE; 


L200 


Owes | Nos -/ GL 
3 3 


=58= 


Pee ee el yl - 186 


See ON bei 56 0 WW 


WO aoe rt FGM T 1:8 5 


6 ee 
TM CrATURE , °C 


PaCIFIC OCEANOGRAPHIC GROUP 


KoGERENCE NOs ¥1454~ (28 DATE 14/7 6/71 
PUSITION 50- 2.0Ny 144-56.0W GMT 18.5 
Bic lee. Sak, 49 POINTS TAKEN FROM ANALCG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
1 D EN 
0 7.228 32.70 fe) 25260 240.1 0.0 0.0 
10 7.08 EY eg fe 10 Zon0S 235.6 9.224 0.01 
20 7.04 32415 20 2oaG8 2356 J 0.47 9.05 
BES) 6.659 32.16 30 goatee (228565 0.70 Jeti 
20 6.61 32.76 590 20eTS 22129 1.16 0.29 
a6 4.255 320 5@ 75 26201 201.3 2.70 0264 
iJ0 4.27 32.83 99 26206 196.9 2.20 1.08 
izs 4.13 32495 124 2Oe1t LBS.7 2609 1.64 
i356 4.10 33263 149 toe9) 235.5 3.19 221 
igs 3.99 33048 174 26.84 123.3 3242 2074 
2J0 3292 33 «83 199 26.09 119.1 i {es 3.32 
225 3288 33.286 225 26-952 116.3 4.01 3295 
250 3.35 3329S 248 Zoet> 123.5 4.30 4.65 
300 3.30 33.97 298 ZiaDt 108.2 4.85 6.29 
+9 0 3h 10 34.07 397 27.10 100.4 pe 90 9.90 
2090 3.58 34.17 496 2120 92.3 6.86 14.30 
000 3242 34.24 595 27226 B6.4% 5 3 Vase 
500 3.10 34.35 #93 27.238 76.1 9.37 30279 
L1uG® 2-80 34244 990 27.248 6726 10.80 43.87 
1200 2256 34250 1188 A Its te 61.6 12.09 58.31 


loud POE DD, 34-57 1483 27.63 54.6 13.84 82.21 


SOUND 


1477. 
1477. 
1477. 
1475. 
1475. 
1468. 
1467. 
1467. 
1468. 
1468. 
1468. 
1469. 
1469. 
1470. 
1471. 
P4722. 
1473. 
1475. 
1477. 
1489. 
1483. 


COW 


300 


‘aa 
~ FOO 


CO 
=) 
=) 


i Reo Utes 


L200 


=O 


Sabah y, OA 
: : 3 


fener a 4H - 20 
G0 ge a0 aN. shtto-~0. 0: W 


i weet? cOMT.-— 19 «ec 


ao 


le 
TVRERATIURE, ¢C 


16 


61> 
PalLTFIC QCEANOGRAPHIC GROUP 


Rc ERENCE, NO... 72=44~./20 DAVE WL tG/erl 
PUSTTION 50- 3.0Ny 145- 0.0W GMT 19.2 
Reo Loe Ure S Brea) 51 POINTS TAKEN FROM ANALGG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
i D EN 
0 7.48 32041 0 POcoOe 241.9 0.9 9.0 
10 71247 32-74 10 2pe60: 239.23 0.24 0.01 
20 To12 32e4)D 20 25266 234.7 0.48 0.95 
a0 6-66 32.76 30 LepetS L233 0.71 Vell 
50 621 SLedl 50 Ceede L2h2 at 1.16 0429 
Tea 4.45 3200> the 262906 197.0 1.68 9.62 
iJ0 4.22 32.86 29 26-05 194.1 Coke 1.905 
LZ 4.06 32339 124 26-13 1909.6 2-65 1.61 
Low 4.11 32 '6R2 149 2POeds 135.4% 3.05 2elb 
ig 3.98 nf 174 26233 124.0 %3.37 2.69 
2090 Sane 33.82 199 26-38 119.8 3.67 Ce 
220 3.88 S30 ay 223 Coene 115.5 Dead 3.91 
250 3284 33299 248 26.96 113.1 4.25 4.60 
300 CS (6S) 33.98 298 27.02 107.3 4.80 6.14 
400 3.67 34.10 397 etelLs 97.9 5.83 i a es 
500 3254 34.19 496 27221 90.6 6.77 14.08 
000 3239 34.26 595 27.28 84.5 7.65 18.97 
300 3.219 34.236 793 21239 1524 9.25 39234 
avyeRe) 2233 34.44 990 27248 6728 10.68 43.43 


SOUND 


1478. 
1478. 
1477. 
1475. 
1474. 
1467. 
1467. 
1466. 
1468. 
1468. 
1468. 
1468. 
1469. 
1469. 
1471. 
1472. 
1473. 
1475. 
1478. 


=62 5 


SALINITY, O/00 
3 3 3 


SEED 


Seal 
ae, 
= GO 
ish 
Ce? 
iP, 
UY) 
900 
Fe PERN Oee i = Uo - 22 
CL 
S0-3.0 N 144-59.0 NW 
Le00 MO.-6 DAY-el GMI-21.5 
1 eG) 


6 re 
Poca URE, 


“63= 


PaCIFIC OCEANOGRAPHIC GROUP 


REFERENCE NOS Wile 4 22 DATE 21/ 6/71 
PUSTTION 50- 3.0Ny 144-59.0W GMA 2105 
apouLy Ss. OF TSTP CAST 62 POINTS TAKEN FROM ANALOG TRACE 
PRES TEMP SAL DEPTH SIGMA SVA DELTA POT. 
7 D EN 
0 72.92 324Jda 9 25.51) 24729 0.0 0.0 
10 7.80 32.71 10 25% DST.24655 0.25 0.91 
20 147% Seay 20 252-55 244.8 0.49 0.05 
30 6.78 32e)3 30 293094 23230 0.73 9211 
50 6221 32550 50 254 786 22340 Log 0.30 
15 4.55 32.83 15 262035 19957 1.71 0.63 
100 4.43 32.84 99 26.05 197.8 2.20 1.07 
Was) 4.32 33.01 124 26-19 184.24 2-69 1.62 
i50 4.12 33.66 149 262.73 133.4 3.C8 Cooled 
re fe 4.02 33274 174 26.81 126.7 3.40 2071 
200 33 00 33% 84 199 266357 12055 3.71 3.30 
225 3.87 33.85 223 26.91) 117.5 4.01 3.94 
250 3.84 33.88 248 26.94% 114.5 4.30 4.6% 
500 S508 33591 298 2Tfe-01 108.0 4.86 6220 
+00 3.68 34.08 397 27.11 99359 5.89 9.88 
200 3252 34.18 496 27221 o1'k 6.85 14.23 
00 0 Soest 34.225 395 27.28 85.0 7.73 19.15 
300 36 FO 34.34 193 27.37 76.9 9.34 30.64 
Lu00 2.81 34243 990 27247 68.4 10.79 43.88 
Wop &: 2256 34.48 1188 21.53 G3e1) LeslG TS 3.55 


1500 2226 34.255 1483 27261 oe 1  ae90 83.17 


SOUND 


1480. 
1479. 
1479. 
1476. 
1474. 
1467. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1469. 
1471. 
1472. 
1473. 
1475. 
147T. 
1480. 
1483. 


eakoo 


Ul 
Ss) 


& 
ee 


DO 
ae) 
Ul 


PRESSURE! 


500 


3 


Syteilccall ay) hg i ie ioe 
3 


REG; Hh 23 
SUC remeNe wl S=0. 0) W 


HOO =e a) OMI. — 18 20 


6 Le 
Ce eeu, & 


16 


PaCIFIC OCEANOGRAPKIC GROUP 


ROP ERENCE YNGs | f1-—"4- 
PUSTTION 5O0- O.ON, 
RESULFSVOFUSTP CAST 
PABSS TEMP SAL 
0 pep | 32.66 
10 7.31 32267 
20 7.80 32.68 
30 6.76 32.70 
50 6.42 32.173 
ig. 4.73 32.77 
100 4.40 32-82 
L25 4.28 32 94 
i50 4.14 33.63 
£5 4294 33.75 
200 3.99 33.80 
225 3591 33.84 
250 3.87 33.88 
300 3.83 33399 


365. 


59 POINTS TAKEN FROM ANALCGG TRACE 


23 GATESZ37 6677-1 
145- 0.O0wW GMT 18.9 
DEPTH SIGMA SVA 
T 

0 25248 251.4 

10 25250 249.6 

20 25e5} £24951 

30 25267 233.6 

50 2D244 222765 

s foe 25.96 205.9 

eae | 26.04 199.2 

124 26015 L18se7 

149 26-71 135.6 

174 26-81 126.4 

199 26286 122.1 

225 26.90 118.6 

248 262.93 115.4 

298 26.99 (11020 


DELTA 
2) 
0.9 
0.25 
0.50 
0.74 
1.20 
1.75 
2225 
2274 
as13 
3246 
3.77 
4.07 
4.36 
4392 


POT. 

EN 
0.0 
9.01 
9.05 
0.11 
0.30 
0.65 
1.09 
1.66 
2220 
22.74 
a423 
3.98 
4.69 
6.27 


SOUND 


1480. 
1479. 
1479. 
1476. 
1475. 
1463. 
1467. 
1467. 
1468. 
1468. 
1468. 
1469. 
1469. 
1470. 


OB ait 


bo 


PRESS tates 
nD 
nN 
un 
—+—+ 


300 


abo 


SHS Note MLE 1 taal Beye 
S S s 


Repel bea = OF 
DUO Oene hed 59.0 W 


Wi eeomlenaoe, GN) 1 5.1 


O ee 
TeVinee iva, 


er -i/m 


PACIFIC OCEANOGRAPHIC GROUP 


RcFERENCE NO. 71l- 4- 24 DATE 26/ 6/71 

PUSTTION 50- O.ONy 144-59.0W GMT 18.1 

Resovey Cr OTT CA OT 46 POINTS TAKEN FROM ANALOG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
0 8.33 32.270 0 254645 254.3 0.9 9.9 

10 8.29 32-71 10 29246. 2532.7 0.225 0.01 
20 7256 Safe 73 20 25258 242.0 O24 0.05 
39 6248 32%75 30 25274 226.8 0.74 Os11 
50 6.26 32.76 50 2oeta. 22567 1.19 0.29 
id 4.68 32.81 7% 26.00 202.3 1272 0.63 
i00 4.38 32.83 eel 26e05. L952 2022 1.08 
iz2® 4.13 33.10 124 26229 175.4 227C 1.63 
150 4.11 33.68 149 26et>- 131.8 3,07 rae We) 
i%5 4.00 fe So Ba 174 26.84 123.1 3239 2.67 
200 Ee Prpe bo: 33.84 139 26.90 118.4 3.69 3.25 
£25 3364 33.88 223 26695" Lios0 3.98 3.88 
250 3383 334292 248 2Og0t) TRpes 4.27 4.56 


5309 3.80 Soe te MS 298 27.01 108.2 4.82 6.10 


SOUND 


1481. 
1481. 
1479. 
1475. 
1474. 
1468. 
1467. 
1467. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 


a) 


300 


rr) 
ears 1 


Pass ore * 


L200 


Dig e AU 
: : 3 


-68- 


Rime SL — cA 


U9-4U9.0 N 142-40.0 W 


MO-so mb rises (OMT -ici.5 


6 i 16 
EAE WIRE, 


PALIFIC OCEANOGRAPHIC 


Ker ERENCE’ NOS his 4 
PUSTTION 49-49.0N, 
RESULTS "OF" SUP CAST 
PRE SS TEMP SAL 
0) eee a aryl & @) 
19 8.39 32312 
20 8.80 32.272 
a0 8.26 Beart?s 
50 set SEatzZ 
75 5398 S2282 
1u0 S25 32383 
BaD Dies 32296 
£50 5.248 33264 
£75 5629 33.76 
2900 5293 33.78 
a2 5 4.71 33.80 
250) 4.52 33.83 
500 4.27 33.88 
400 3s95 33.99 
50 0 Cate 34.210 
0J0 3.50 34.19 
300 3.20 34.30 
1Uu00 PAPE IA 34.238 
i209 2.65 34.46 
1509 2234 34.54 


29 


-69- 


80 POINTS TAKEN FROM ANALOG TRACE 


GROUP 
DAT ET 2 8/6/71 
142-40.9W GMT. 2.5 
DEPTH SIGMA SVA 
T 
0 22436 262.8 
10 25-38 261.4 
20 E5n59 26031 
30 25247 252.6 
50 25.61 239.4 
Lise, Sos on Fe oso 
99 Z9s96\ 20607 
124 26.08 195.3 
149 26.57 149.4 
174 26-€8 138.9 
129 262-73 134.6 
223 26<78 130.1 
248 26.83 125.9 
2958 20.09 fELISE 
397 27201 | 10920 
496 27.12 II eZ 
595 CAE CEs Bis 0 
193 27.33 81.0 
9990 27242 73.3 
1188 27.51 65.6 
1484 27-60 a Ts.F 


DELTA 
D 
et) 
0.26 
0.52 
0:78 
Pec 
1.84 
Cat 
2.287 
Ee | 
3.66 
4.91 
4.34 
4.66 
ae 37226 
6242 
71246 
8.41 

10.12 

11.66 

13.04 

14.89 


POT. 
EN 
9.0 
9.01 
0.05 
9.12 
0.32 
0.68 
1.15 
1.73 
ee 1G: 
2292 
a 
4.30 
5.07 
6.79 
10.86 
15.62 
20.93 
Bye ia 
47.15 
62.67 
88.00 


SOUND 


1483. 
1484. 
1483. 
1481. 
1478. 
1473. 
1471. 
1470. 
1474. 
1473. 
1473. 
1472. 
1472. 
1471. 
1472. 
1473. 
1473. 
1476. 
1478. 
1480. 
1484. 


sl Mo 


vies, 


aa) 
> fi5)0 


DO 
KO 
ad 3 


Presets 


e100 


230. 


Seale PIL UN cy: eaeezge) 
3 4 3 


= 


ec icmn. Pel “44 .— gad 
4Y944UU.0 N 140-40.0 


Mises Ga eaeS 26M 11.0.0 


G ge 
FSVIERAURE, FC 


PaCIFIC OCEANQGRAPHIC GROUP 


RceFERENCE NO. 


Ti- 4- 


PUSTTION 49-44.0N, 
Re SULTS, GF. SAP, CAST 


PKESS 


Q 
10 
eae 
30 
50 
5 

100 
i25 
15.0 
ry a 
200 
LOD 
250 
300 


TBAP 


Gn 39 
9239 
9.233 
8.16 
6261 
5.88 
5.235 
Die Lah 
5e7l 
5.0 TD 
ope 
5.205 
4.99 
4.42 


SAL 


32.68 
32.69 
32.69 
37n0 OU 
322/2 
32~ 13 
32.83 
32292 
33.37 
33.68 
Re Os, 
Soe BD 
33.86 
33.88 


26 


=f 1 


66 POINTS TAKEN FROM ANALOG TRACE 


DANE. 2.87 , OF ta 
140-40.0W GMT 10.0 
DEPTH SIGMA SVA 
a5 
O 250227 27144 
19 25227 271.4 
20 Ze 2B, . 210.06 
30 25244 255.21 
50 Zoe 1G. 230.9 
1D 25285 217.0 
99 2529% 20824 
124 PH.03, 199.9 
149 Poe soy Llp. 
174 Boe Ih 150.5 
io 26467 140.3 
223 tie (618365 
248 26-80 128.8 
28 26288 121.4 


DELTA 
D 
0.9 
0.27 
0.54 
0.81 
1.29 
1.85 
2.38 
20 D0 
30 Sse 
3-76 
fg LZ 
4.46 
4.79 
5.43 


POT. 
EN 
0.0 
0.01 
0.96 
0.12 
0.32 
9.68 
ES) 
le us 
PA Se} 
3.05 
3.74 
4248 
Die cal 
7.05 


SOUND 


1485. 
1485. 
1485. 
1481. 
1475. 
1473. 
1471. 
1471. 
1474. 
1475. 
1474. 
1473. 
1474. 
1472. 


15 


UB 


haw 


AS 
x) 
oA 


Pater 


30,0 


ae 


ae 


Bite NOs. old) oo bh = cea 
W9-34.0 N 138-40.0 


HO BAL 28. GMilim bie. 


G 
Taha me URE , 
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PACIFIC OQCEANOGRAPHIC GROUP 


REFERENCE NO. (Tae) 27 DATE 28/ 6/71 

PUSITION 49-34.0Ny 138-40.0W GMT 15.2 

teal EP Oe | SERN fi 2 GLY WS 52 POINTS TAKEN FROM ANALOG TRACE 

rac) TEMP SAL DEPTH SIGMA SVA DELTA POT. 

uk D EN 
0 9.61 32.274 0 25.28 @I0e3 9.9 0.0 

10 9.49 322174 10 252-28 270.6 0.27 0.91 
20 9.46 3e% 715 20 23.54 Zot. 9 0.54 0.06 
30 T88 32.74 30 25254 246.0 0.79 V212 
50 6226 32.78 50 Zou “were th 1.26 0.31 
‘fe; 5242 32.82 75 25293 209.6 1.80 0.65 
id0 5.01 20 99 26.00 203.1 2231 1e1ll 
eae 5.15 33.12 124 26.19 184.6 2.80 sO 
i50 ie BS 33% 06> 149 26.61 145.8 3222 Ree 
a 4.95 334515 174 262-71 136.0 35.57 2282 
200 4.75 eb Ne he eo.) . 132743 3290 3.46 
sa aie 4.55 33.80 225 26.80 127.8 4.22 4.17 
250 443 Se hc | 248 26.84 124.8 4.54 4.93 


200 4.15 33.90 298 26.92 117.1 we 6262 
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PaCIFIC OCEANOGRAPHIC GROUP 
REEERENCE NOs Hise 4-28 
PUSITION 49-26.0Ny, 135-40.0W 
BESULES OF SEPr CAST 


DATE 28/ 6/71 
GMT 20.7 
114 POINTS TAKEN FROM ANALOG TRACE 


PRES TEMP SAL DEPTH SIGMA SVA DELTA POT. 
‘i D EN 
0 10.24 32463 0 25.0S 288.4 0.0 0.0 
10 10.15 32 -64 10 23a Wl 286.7 029 0.01 
20 10.09 32264 20 Zoe W859 0.57 9.06 
39 8.48 32.263 30 25237 262.4 0.85 OILS 
50 72.14 32.65 50 25-58 242.5 1.35 0833 
Te 6214 32.268 Eis 25fB 8228.55 1.94 0.71 
i100 5250 32,19 Sa 25085 213 i) 249 1.20 
125 5248 33.14 124 2Beti LST.2 2039 Lert 
150 ea), 331.66 149 ZGmIS, 153k 3241 2.36 
ive 5250 33.77 174 26-66 141.5 3.78 PAP Tf 
200 5.238 333.83 La9 26,13, 134.9 4.13 3263 
225 5220 33.285 205 ZGe fit SY 4.46 4.235 
250 4.93 33.86 248 26.80 128.1 4.78 5.13 
309 4.58 BS 22 298 26.89 120.2 5241 6.88 
400 4.93 34.03 3557 27204 106.9 6254 10.91 
200 3.98 34013 496 27212 99.4 7.57 15.64 
000 Sie Bali 34.22 50D 2A ZA, 9224 8.53 21.00 
300 3% 39 34-34 13 27.35 80.0.  10..25 33222 
1u90 32 OD 34.42 990 27244 TAGS? [UES 47.00 
12090 2270 34.49 1188 27.53 64.1 13.10 62-18 
i500 2233 34.256 1484 27262 56-2 14.90 86.72 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. T1- 4- 29 DATE 29/ 6/71 

POSITION 49-17.0Ny 134-40.0W GMT 2.7 

RESULTS DF STP CAST 83 POINTS TAKEN FROM ANALOG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POls 

1 D EN 
0 10.94 32.54 0 24.92 304.3 0.0 0.0 

10 10.83 32.56 10 24293 303.7 0.30 0.02 
20 10.66 32.256 20 24.96 301.0 0.61 0.06 
30 9.16 32-59 30 252-23 27544 0.89 0.13 
50 T7212 32.61 50 25254 245.8 1.240 0.34 
75 6.21 32.65 75 25269 231.8 2-00 0.72 
100 5.79 32-98 99 26.01 202.2 Zep... Leek 
125 5.88 33 43 124 26.35 169.7 3202 1.75 
150 5e71 33-72 149 26661 146.1 3.40 2-28 
LS 5e%3 33.78 174 26268 139.1 3.76 2.87 
200 5.219 33.81 19.9 262.74 134.2 4.10 Je a2 
od 4.99 33.85 235 That? | 129.3 4243 4.23 
250 4.86 33-89 248 26284 125.21 4.175 5-00 
300 4.42 33 ay 298 26.91 118.4 5236 6.71 
400 3.98 34.200 bes 27.02 108.6 6.50 10.77 
500 3.79 34.210 496 27.12 100.0 71.254 15.53 
600 3.64 3421 595 27222 90.7 8.49 20.84 
800 CWE be 34.34 193 27.35 1966. YOe19 32292 

1000 2-98 34.42 990 27.45 70.9 11.269 46.68 

1200 2-71 34 248 1188 27252 64.8 13.05 61.88 


1500 2-34 34.56 1484 27.62 56-3 14.85 86.62 
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PACTFIC OCEANOGRAPHIC GROUP 


RerPEenence NO. Lai 4-. 30 DATE) 297° 67,71 
PUSTTION 49-10.0N, 132-40.0W GMT 745 
Res ULAS OF STP CAST 56 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
I D EN 
0) 10.92 32.56 0 24.92 304.8 0.9 0.0 
19 10.93 ke Feb he Wf 10 24292 304.6 9.30 0.02 
20 10.16 32.57 20 Ze 4207 8c 0.60 0.06 
30 ted 32.58 30 25.210 288.4 9.89 OPN EE 
50 7256 Beat 50 Zoe tl 25269 1.45 0.36 
inte) 6.65 32.60 15 25.60 240.4 2.07 Osis 
100 6.11 32.68 39 252-74 228.0 2.65 1.28 
1 fA Bett 33224 124 26-20 184.4 3.18 1.88 
150 5.78 33.61 149 Z6 edt) “15s, 3.60 2246 
sil fete Seon 35 419 174 26264 143.2 3.97 3.98 
200 is ile AS ea 39 poet” W366) 4.32 3.75 
F(a) 5.95 33.84 Cae) 260658 130.7 4.66 4.47 
259 4.76 33.385 248 26282 126.9 4.98 5.225 
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PaLTFIC OCEANOGRAPHIC GROUP 

ReoF ERENCE NOw Fl) 4r 31 DATE 29/ 6/71 

PUSITION 49- 2.0Ny 130-40.0W GMT 12.8 

RESULTS Oy S L:PL.GAST 139 POINTS TAKEN FROM ANALOG TRACE 


PRES 5 TEMP SAL DEPTH SIGMA SVA DELTA POT. 
v D) EN 
0 10.76 = Page fe fe) 24.92 304.3 0.9 0.0 
19 10.461 32 a Dia 10 Z4e> 21350263 0.31 0.02 
20 10.44 32.254 20 24.398 4429859 90.61 0.06 
a 10.30 32254 39 2500 lin 9608 0.90 0.14 
50 7246 32-58 50 2 0errO ye De 33 1.45 9236 
15 6.83 32 SA 75 252-56 244.4 2.07 Oaslo 
100 Gs he 32.68 99 25.68 « 233.4 2-67 1.29 
tyes 6.61 33.419 124 26.G7, 196.7 3-21 1.91 
i50 6.53 33.70 149 26.48 158.0 32522 22 
(Be 6.39 of 33.474 174 26254 153.2 4.04 Ee ey f 
290 6.07 33.80 199 26.62 145.7 4.41 3.88 
Zoo 5.89 33.33 225 26.67 141.23 4.77 4.65 
250 5256 33.86 248 262-73 135.23 5212 5.49 
309 5s ee 33 #92 298 26.83 126.3 5.77 e342 
400 4.24 33.97 phe Mt 26-97 113.3 6.97 11.57 
509 4.12 34.11 496 27.09 103.0 8.C5 16.53 
000 3.93 34.19 595 27.17 95 6D 9.04 22.07 
300 3247 34.34 193 27.34 80.9 10.81 34.69 
1u00 Behe 34.41 990 272042 7420 12.237 48.92 
1200 Petz 34.49 1188 ol ax 64.1 13.74 64.32 
1300 2034 34.57 1484 27262 OD ee pl SeD2 “) BSA 10 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 
(P-71-4) 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 71- 4 


DATE/TIME SALINITY TEMP LONGITUDE 
¥R MO DY" GMT 0/00 C WEST 
71 St IS 40 31.108 9.9 Leos 
UL VS! TES < 240 3120518 9.0 126- 0 
115 '¥S € 440 314367) 9.5 126-40 
TL Wid: Ue c BLO 31.871 8.0 127-40 
TL YOR TBS cL 210 32.438 8.0 128-40 
TL WU YS 0 322244 0.0 130-40 
TETAS TIES 2035 322811 7.8 131-40 
71 5 Gieete200 32.661 6.5 135-40 
41 5 TPO S445 322642 720 136-40 
11) SS br f14 5 32.2687 626 137-40 
41, 3S Uhotero00 0.0 6.7 138-40 
lee SS inet 20 32.2688 7.0 139-40 
TL (©5 CPF 8F430 S2.614 Tol 140-40 
Tl | 3 Pr OSO 322418 6.7 141-40 
71 5S: BES 0 0.0 6.20 145- 0 
Tl 5S his9 0 32.786 5.6 ON STATION 
ql 5120 0 32.2787 6.0 ON STATION 
i> D2 0 320195 602 ON STATION 
TE UWS Ae 6) 32.778 6.5 ON STATION 
ALS Deo 0 326163 623 ON STATION 
tl” 3024 0 322784 6.5 ON STATION 
tT 5 0 32.775 6.5 ON STATION 
il S G26 0 0.0 6.3 ON STATION 
ily) Stat 0 0.0 6.6 ON STATION 
in > tae 0 0.0 6.3 ON STATION 
Ti St29 0 32276€5 6.2 ON STATION 
ib 5230 0 32.775 6.4 ON STATION 
ne ate 3 | ) 32.2763 6.4 ON STATION 
7 #6 #1 0 322155 6.3 ON STATION 
a gaan 0 32.760 664 ON STATION 
it Oro 0 32.809 6.6 ON STATION 
er ie Gee 0 3221764 6.7 ON STATION 
tL 764 0 32.779 6.6 ON STATION 
te eGiel® 0 32-774 720 ON STATION 
oe Ga ud, 0 SLatoe 6.9 ON STATION 
ero: bh 0 D2 POLL 7.0 ON STATION 
Tiee Vora so 0 32.2752 6.8 GN STATION 
FA O30 0 322761 6.8 ON STATION 
iy GARE 0 32.161 6.8 ON STATION 
tm Paar s ie Bs 0 320/71 6.7 ON STATION 
11, <6 13 0 32.2769 6.8 ON STATION 
Te Ore 0 320774 7.0 ON STATION 
Ii6 \O 13 0 32a to 7.25 ON STATION 
71 6 16 0 32.2143 Tel ON STATION 
713) ONS 0 32.2705 1¢2 ON STATION 
ia: 16. 728 ) dee AS Be 726 ON STATION 
126: 0 32.2716 7.7 ON STATION 
TL) 20 0 32.2715 7.7 ON STATION 
Petr ed. 0 32-768 7.8 ON STATION 
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SURFACE SALINITY AND TEMPERATURE 
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140-40 
139-40 
138-4) 
13H A440 
136740 
135-49 
134-49 
133440 
132-40) 
13 2340 
130-40 
129-40 
128-490 
127-40 
126-49 
126-0 
12543 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-71-5 
(C.0.D.C. REFERENCE NO. 02-71-005) 
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Eig. © Bottle - STD salinity value difference profiles P-/1-5. 
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Fig. 9 Reversing thermometer - STD temperature difference profiles 
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COMPOSITE PLOTS OF TEMPERATURE, SALINDLY 
AND DISSOLVED OXYGEN vs DEPTH 


(P-71-5) 


Hld3id 


aif 0 Va Ne 


TEMBER ATURE: 
7.00 10 


e 
1.00 4.00 . 00 13.00 16.00 


S3y14W 


OO YM 


OLX 
ae) 


—DOOWNM MN w 


2 
=) 
3 
Y 
9 
: Mil = 15 = 6 
8 Pere = 2. — 1h 
tu > en 
§ <em95 - 17 
Ze ie 95, = 20 
= Mgt =) 5 - 23 
=) 
x wo ef en Soainiien Gummanmaee ee ee 


Pig. 10 Composite plot of temperature vs 10gjq depth P-71-5. 
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Composite plot of temperature vs 10g]Q depth P-/1-5. 
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Composite plot of salinity vs T0g}9 depth P-71-5. 
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PACIFIC QCEANCGRAPHIC GROUP 


RerG RENCE EicNO (til 15— 6-2 DATE 26/ 6/71 
PUSTTION 48-37.0Ny, 125-58.0W GMT.«10..6 
RESULTS TGF CSTR ICAST 26 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
¢) 10.53 31.61 re) 24225 368.6 9.0 0.0 
id 10.45 31.64 10 24228 365.45 0.37 0.02 
20 9.83 31.94 20 24.62 333.7 0.72 0.07 
30 1.698 32-61 30 25243 256.8 1.01 0.14 
oh 8, 7260 33.01 50 25 HF N22 2)art 1.49 0.34 
fs 7.13 33 232 15 26010 6193.1 2.90 0.67 
DEPTH TEMP SAL DEPTH TEMP SAL 
O. 10.53 31.61 43. 1285 32 
Qe 10.48 31.62 46 7.69 32 
10. 10.45 31.64 48. T.68 32 
ll. 10.44 31.65 50. 7260 33 
13. 10.45 31.67 57. 7243 53 
17. 10.12 31.79 58. T7241 33 
18. 10.08 31.82 60. 7.34 33214 
20. 9.83 31.94 64.6 7228 33 
23-6 8.48 32.29 65-6 T1224 33 
30. 7-98 32.61 15. 7.13 33 
34. 7.90 32.71 84. 6.88 33 


39-6 7290 32-77 90. 6.87 33 
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PACTFIC OCEANCGRAPHIC GROUP 

REMmeERENC BONO Saht= 5-4" 3 DATE 26/ 6/71 

PUSTITION 48-42.0Ny 126-40.0W GMT, 3.1 

ReSUBTS FOF STP CAST 113 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 10.95 31.85 0 24.36 357.7 0.0 0.0 
19 10.90 31.84 10 24236 358.1 0.236 0.02 
20 10.74 34.385 20 24.40 354.9 0.72 0.07 
30 8.46 32.08 30 24294 303.0 1.04 9.15 
590 7258 32 243 50 252-34 265.0 1.61 0.38 
1 6.95 32.68 ds 25.62 238.5 2224 0.78 
100 7240 33426 99 26-02 201.6 2.78 Ya | 
i25 7239 33.59 124 26-28 177.23 3225 1.80 
150 71294 33.75 149 26.45 161.0 3.68 2-40 
BIS 6.80 33.87 174 26.58 149.3 4.206 3204 
200 6262 33.89 Eo 26262 145.8 4.43 3.74 
SMe 6.21 Bho We ge Bed 223 26.269 139.0 4.79 4.51 
250 6.203 33.94 248 26274 135-22 5.13 5.34 
300 5.68 33.97 298 26280 129.22 5.79 7219 
400 5.21 34.05 397 26292) 9118.8 7202 11.57 
390 4.93 34.11 496 27500 gAiiz;.0 8.17 16.82 
000 4.69 34.16 595 27.07 106.5 9.26 Leziad 2 
300 4.17 34230 793 27.224 91.29, lls 23 36.98 
1u90 3.67 34.40 991 a] be SM | 80.3; . 17495 S20 itl 


1200 Ba2T 34.46 1188 27245 (72.6 14647 69.75 
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PaCIFIC OCEANOGRAPHIC GROUP 


BCPERENCE ND ou 7 be -5— 54 DATE 27/ 6/71 
PUSITION 49-17.0Ny 134-40.0W GMT 3.7 
ReSULT& OF STP CAST 98 POINTS TAKEN FROM ANALOG TRACE 
PRES) TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
9 10.09 32.63 0 25-11 286.0 0.0 0.0 
in 10.09 32.63 10 25-11 28624 0.29 0.01 
290 10.09 32.63 20 25-11 286.6 0.57 0.06 
31) 929.8 32.63 30 20020 248458 0.86 0.13 
50 7235 32.64 50 25254 246.4 1.38 0.34 
i 6.39 32.68 rae 22d 23165 1.98 0.72 
109 3 ta to) 32.78 99 25288 214.3 2.53 1.22 
Le. 5-61 33.14 124 26.16 188.3 3-04 1.80 
150 5.69 33.64% 149 26.54 152.2 3246 2239 
i75 Se or f iA op 174 26264 143.0 3-83 3.00 
200 sO. Fe 33.79 199 26.70 137.3 4.18 3.67 
cen 4.99 33282 223 26-76 131.8 4.252 4.40 
250 4.80 33.83 248 26-80 128.8 4.84 5.18 
300 4.33 33.88 298 26.89 120.24 5.47 6.93 
400 3298 34.01 397 272-03 107.9 6.59 10.94 
300 3.80 34e11 496 27212 99.3 1263 15.70 
009 3.69 34.19 595 27.220 92.9 8.60 21.09 
300 3-40 34232 193 27.33 81.6 10.33 33245 
iu00 3.03 34.39 990 27242 13<«f 124.89 47.69 
1200 2.59 34.46 1188 27.51 66.0 13.28 63.225 
1500 2233 34.253 1484 27259 58.4 15,15 88.87 
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PACIFIC OCEANOGRAPHIC GROUP 


RcFERENCE NO. 


tis o> 


PUSITION 49-26.0N, 
RESULTS, OF STP CAST 


PRESS TEMP 


0 10.17 

10 10.16 
29 8.70 
30 7-58 
50 6.68 
i 5.85 
109 5.33 
i25 5.31 
He 8) 5.78 
it? 5.68 
200 5237 
Fle ape 5.03 
250 4.80 
300 4.53 
400 4.13 
200 4.06 
800 329% 
300 3.47 
1u00 3.06 
1200 2.75 
1500 2e30 


S AL 


32.65 
32.65 
32.65 
32.265 
32.69 
32.73 
32.82 
33.02 
33.51 


. 33,71 


33.80 
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33.81 
33.88 
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34.52 
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5 DATE 27/ 6/71 
136-40.0W GMT 9.7 
99 POINTS TAKEN FROM 
DEPTH SIGMA SVA 
T 
0 25-11 285.8 
10 25.12 286.0 
20 252.35 263.9 
30 25.51 248.4% 
50 25.67 234.0 
75 29e00. 22isS 
99 25-94% 208.9 
124 26210 193.9 
149 262.43 163.0 
174 26.60 147.1 
139 26071 137.21 
223 26.74 134.2 
248 26.78 130.3 
298 26-86 122.6 
397 26.98 112.4 
496 27-07 104.3 
595 27.16 9T.1 
7193 27.31 83.9 
990 27242 741 
1188 27.49 67.4 
1484 27.58 59.3 


ANALOG 


DELTA 
D 
0.0 
0.29 
0.56 
0.82 
1.30 
1.87 
2-41 
2-91 
3.35 
3.74 
4.09 
4.43 
4.77 
5-40 
6.58 
7.66 
8.67 

10.48 

12.05 

13.47 

15.35 


TRACE 


POT. 
EN 
0.0 
0.01 
0.06 
0.12 
0.32 
9.68 
1.16 
1.73 
2.35 
2.99 
3.67 
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5.21 
6.98 
11.18 
16.13 
21.77 
34.64% 
49.04 
64.88 
90.75 
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1475. 
1477. 
1478. 
1480. 
1484. 


ae) 


Bills 


a) 
— 600 


FPS ae 


i talulls 
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S File b Nebel “Twsoe er G 
2 : 3 


RiGee. OL Sekar 


U9-34.0 N 138-40.0 NW 


deco Cle? Chl anoes 


G Be 
ere a in fee 
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PACIFIC OCEANOGRAPHIC GROUP 

ReFERENCE NO. Tin '5-\ 7 DATE 27/ 6/71 

PUSITION 49-34.0N, 138-40.0W GMT 18.8 

ReSULTS OF STP CAST 105 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 


7 0 EN 

0 9.75 32.75 0 Zoee6 21.7 0.0 0.0 1487. 
10 9eh3 32.75 10 2a0e2Ft 21.9 0.27 0.01 1487. 
20 8.43 32.75 20 25.47 252.6 0.54 0.05 1482. 
30 7-68 32545 30 252-58 242.3 0.78 0.12 1479. 
50 6.24 32.76 50 25.78 223.4% 1.25 0.30 1474. 
75 5.49 32.79 75 25.289 212.6 1.79 0.65 1471. 
100 4.90 32.87 99 26.02 200.4 2231 Llell 1469. 
125 5-16 33-21 124 26.26 178.0 2.79 1.66 1471. 
150 5.33 33.62 149 26.57 149.5 3.220 2-23 1473. 
175 $220 _/33073 174 26267 140.0 3.56 2-83 1473. 
200 5.00 33.75 199 26071 136.25 3.90 3649 1473. 
225 4.70 33.78 223 26-77 13029 4.24 4.21 1472. 
250 4.50 33.81 248 26-81 127.0 4.56 4.99 1471. 
300 421 33.86 298 26288 120.6 5.18 6.72 1471. 
400 3290 33.96 397 26.99 110.8 6.34 10.85 1472. 
200 3.78 34.08 496 272-10 101.3 7239 15.68 1473. 
000 3.58 34.16 595 27.19 94.0 8.37 21.16 1474. 
500 3.30 34.30 #93 27232 82-1 10.12 33262 1476. 
1ug0 3200 34.38 990 27242 74.2 11.68 47.87 1478. 
1200 2.71 34.45 1188 27.50 67.0 13.09 63.64 1480. 


15090 2235 34.252 1484 272.58 59.3 14698 89.66 1484. 


-128- 


Naked J, 7-6) 
3 oe 4 : 


58 00. 


Reh. NO a yi ere 


U9-H1.0 N 140-40.0 W 


POeo DAT OC Oi sleaD 


G le 
Ree te ata AlCl ities, ace 


PaCIFIC OCEANOGRAPHIC GROUP 


ReFERENCE NO. 


Lie “S— 


PUSTTION 49-41.0Ny 
RESULTS OF STP CAST 


PRESS TEMP 


8) 9.54 

10 9.53 
20 9.18 
30 8.21 
50 Teor 
75 6.38 
100 Seto 
i254 Ne 
150 i Wed 
A a Be tat 
200 Se FP! 
22> 5.18 
250 4.294 
300 4.265 
400 3.98 
200 3.80 
000 3.63 
38090 3.30 
1u00 2.98 
12u0 Pap ek 
1500 2242 


SAL 


32.68 
32.268 
32.68 
32-68 
32.71 
32.76 
32.279 
32.83 
33.01 


- 33.60 


33.73 
33.0 Gh 
33.83 
33.88 
33.94 
34.04 
34.214 
34.28 
34.37 
34 044 
34.51 


-129- 


96 POINTS TAKEN FROM ANALCG TRACE 


8 DATE 28/ 6/71 
140-40.0W GMT 1.0 
DEPTH SIGMA SVA 
f 
0 25224 273.27 
10 25224 274.0 
20 25.30 268.8 
30 25245 254.8 
50 25-64 236.8 
75 252-176 22544 
99 25-85 217.0 
124 25-94 208.6 
149 26-09 195.0 
174 26249 157.6 
199 26.61 146.4 
422 262.70 137.3 
248 26.78 130.4 
298 26285 123.9 
397 zoe It: La. i 
496 27-07 104.6 
395 27216 96.1 
7193 27.231 83.5 
990 27241 74.7 
1188 27.49 67.9 
1484 2fe51T 6049 


DELTA 
D 
0.0 
0.27 
0.55 
0.81 
1.30 
1.87 
2243 
2296 
3.47 
3-91 
4.29 
4.65 
4.98 
5262 
6-81 
7289 
8.90 

10.69 

12.28 

13.70 


Lowa, 


POT. 
EN 
0.0 
0.01 
0.06 
0.12 
Ge 32 
0.69 
1.18 
1.79 
2-50 
3224 
3296 
4.73 
5254 
7233 
11.56 
16.52 
22.212 
34.88 
49.38 
65.30 
91.82 


SOUND 


1486. 
1486. 
1485. 
1481. 
1477. 
1475. 
1473. 
1472. 
1472. 
1476. 
1476. 
1474. 
1473. 
1473. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


-130- 


Sigigihgaly 5 7a 
3 3 3 
U a 


<@) 
= 
=) 


Seat ONG). Wel i ag 


PRESSURES, 295 
219) 


4U9-49.0 N 142-40.0 NW 


1cOU He ao ADEN 38 IGM 2 


G lie 
eM rE RATE 42 


PACIFIC OCEANOGRAPHIC GROUP 


KcFERENCE NO. 


Ti7 19% 


PUSTTTON 49-49.0Ny, 
ReSULES OF STP CAST 


PRESS TEMP 


0 8.91 

10 8.85 
20 8.17 
30 M pe a 
50 6.48 

t ihe: 5.53 
i090 4.285 
iZs whe | 
ene) 5.36 
Fo he 5.03 
200 4.83 
75; sae 4.66 
250 4.58 
300 4.28 
400 3.95 
200 32.74% 
600 3/256 
300 322% 
ivd0 2.93 
i200 2-67 


1500 2037 


SAL 


32.74 
32-74 
32.74 
32.74 
32.77 
32-83 
32.85 
33.34 
33.74 
33.78 
33.78 
33.81 
33.83 
33.88 
33.99 
34.98 
34.216 
34.29 
34.38 
34.45 
34252 


-131- 


84 POINTS TAKEN FROM ANALOG TRACE 


9 DATE 28/ 6/71 
142-40.0W GMT 8.3 
DEPTH SIGMA SVA 
il 
0 25239 , 259.8 
10 25240 259.23 
20 25.50 249.6 
30 25459) 24029 
50 ZITO 229415 
75 252.94 207.9 
99 26-01 201.4 
124 26235 170.0 
149 26.66 140.8 
174 262-73 134.24 
he dee, 26275 132.4 
225 26019 V2869 
248 26282 126.4 
298 26-89 119.9 
a9T 27201 109.0 
496 27211 100.9 
595 27219 93.8 
7193 27232 82.1 
990 27242 130% 
1188 27.650 66.5 
1484 27.58 5926 


DELTA 
D 
0.0 
0.26 
0.51 
0.76 
1.23 
1.77 
2228 
2016 
3.14 
3248 
3.81 
4.14 
4246 
5.08 
6222 
To2t 
8.25 

10.00 

11.55 

12.94 


14.84 


POT. 
EN 
0.0 
9.01 
0.05 
O11 
0.31 
0.65 
LesskO 
1.65 
Ze 18 
207% 
3.38 
4.09 
4.87 
6.60 
10.66 
15.48 
20a DZ 
33.37 
47.57 
63.12 
89.14 


SDUND 


1483. 
1483. 
1481. 
1479. 
1475. 
1471. 
1469. 
1472. 
1473. 
1472. 
1472. 
1472. 
1472. 
1471. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


-132- 


Leib. Die 
apntin 4 : 


CE io 8. 


300 


ae 
Agus 


CO 
5, 
is) 


NOV lt Roane 


led 


Pr as Sites 


o-o0. 0 N Toba oven 


1e0U MO.-6 DAY-29 GMT-18.7 


0 ia 
ie tae | Wits gee 


PaCIFIC QCEANOGGRAPHIC GROUP 


ReFERENCE NO. 


ra 56- 


PUSTTION 49-58.0N, 
ReSULTS OF STP CAST 


PRESS TEMP 


) 8.20 

10 8.220 
20 8.20 
30 6.61 
50 6.15 
75 4.51 
i900 4.34 
125 4.19 
i50 4.08 
i75 3.99 
290 3.91 
225 3.85 
250 3.83 
300 3.76 
400 3.65 
500 3.52 
eG 0 3.36 
300 3.99 
1Vu090 2282 
1209 2-56 
1500 2623 


SAL 


32-71 
32.71 
B25 7) 
32.73 
32275 
32.280 
32-283 
33217 
33-63 
33.274 
33.80 
33.84 
33.88 
33.95 
34.07 
34.15 
34222 
34.33 
34.40 
34.47 
34.53 


10 


-133- 


66 POINTS TAKEN FROM ANALOG TRACE 


DATE 29/ 6/71 
145- 3.0W GMT 18.7 
DEPTH SIGMA SVA 
T 
O 25.47 251.8 
10 25647 252.2 
20 25.47 252.3 
30 25.71 229.9 
50 25.78 223.0 
75 26.01 201.4 
99 26.C5 197.6 
124 26.34 170.7 
149 26.71 135.3 
174 26.81 126.4 
199 26,82 123.2 
223 26.90 118.0 
248 26.94 114.8 
298 27.00 109.2 
$97 §«=«- 27.11 99,9 
496 27.18 9344 
595 27.25 87.2 
7193 27.37 Ts 
990 27.45 70.7 
1188 27.53 63.9 
1483 27.60 57.8 


DELTA 
D 
0.0 
0.25 
0.50 
0.74 
1.20 
1.72 
2021 
2-69 
3.07 
3240 
3.271 
4.00 
4.30 
4.86 
5.91 
6.88 
7278 
9.42 

10.89 

12.224 


14.06 > 


POT. 
EN 
0.6 
0.01 
0.05 
Oell 
0.30 
0.63 
1.07 
1.62 
2.15 
2.68 
3227 
3.92 
4.62 
6.19 
9.94 
14.36 
19.40 
31.05 
44.54 
59.57 
84.55 


SOUND 


1481. 
1481. 
1481. 
1475. 
1474. 
1467. 
1467. 
1467. 
1468. 
1468. 
1468. 
1468. 
1469, 
1469. 
LS fs 
1472. 
1473, 
1475. 
1477. 
1480. 
1484. 


COW 


PS 


DB 


io 9 


DO 
DO 
1 


PRESSURE, 


aU 


e154 


/ 


\e 


—; 


\ 


Pera NOs /l Sob =g 


ES=99.0 N 145-220 W 


Nol Luts 2 /Ad 
april 4 : 


togow DRY S2 SGM Tees 


G 
MER era) URE 


be 
C 


-135- 


PACIFIC QCEANOGRAPHIC GROUP 


REFERENCE NO. TiS [5 liz DATE 2/ T/T71 

PUSTTION 49-59.0N, 145- 2.0W GMT 18.3 

RcSULTS OF STP CAST 42 POINTS TAKEN FROM ANALOG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
0 8.29 32.71 0 252-46 253.1 0.0 0.0 

10 8.25 32272 10 25647 252.1 0.25 0.01 
20 8.21 32.73 20 Zoen? 25050 0.50 0.05 
30 8.18 32-74 30 252-50 249.9 e175 0.12 
50 6.38 32-77 50 252.77 224.3 1.22 0.30 
€5 4.75 32.81 75 25.99 203.1 1.76 0.65 
i00 4.09 32.85 99 26.05 193.6 2.25 1.09 
i25 3.85 32.94 124 262.19 184.7 2.73 1.63 
150 3.89 33.45 149 26.59 146.9 3.15 2022 
175 4.01 33.72 174 26-79 128.1 3249 2.78 
200 3294 33.79 199 26286 122.3 3.80 FeFT 
2e5 3.89 33.82 223 26.89 119.4 4.10 4.03 
250 3.285 33.86 248 26292 116.5 4.40 4.74 


300 3.78 33093 298 26.98 110.9 4.97 6.33 


SOUND 


1481. 
1481. 
1481. 
1481. 
1474. 
1468. 
1466. 
1465. 
1468. 
1468. 
1469. 
1469. 
1469. 


-136- 


Habel hebiy, WAG 
S 5 3 : 2 
6 eta 
300 
aa 
500 
ihe 
“e 
= 
YS) 
oe 
ged BEGROANG. qd = 6 Sige 
50-2.0 N 14YU-58.0 W 
ree M0.-7 DAY-5 GMT-18.8 | 
L200% : a 


s l 
TEMPERATURE. € 


-137- 


PaCIFIC OCEANOGRAPHIC GROUP 


REEGCRENCE NOv i Tie S-- 13 DATE 5/ T/71 
PUSTTION 50- 2.0Ny 144-58.0W GMT 18.8 
RESUGS; OF STP GAST 61 POINTS TAKEN FROM ANALOG TRACE 
Pre SS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 8.85 32.72 0 25.38 260.3 9.0 0.0 
10 8.73 32.73 10 25-41 258.2 0.26 0.01 
20 8.42 32.74 20 25-46 253.1 0.52 0.95 
30 6-63 32.75 30 25272 228.6 0.75 Oe1l 
50 6225 32-77 50 Zi 19) 222758 1.20 0.30 
ty a, 5.43 32.179 15 25.90 212.0 1.75 0.64 
ioag 4.21 32 84 99 26.07 195.6 2226 1.09 
i25 3.94 32.89 124 26-14 189.3 21% 1.64 
150 3.88 33%29 149 26-46 158.9 3.18 2.27 
Li 4.05 33.72 174 26.79 128.5 3.53 2284 
200 3.95 33.79 199 26.85 122.4 3.84 3244 
OMe a, 3.89 33.83 223 26-89 118.7 4.15 4.09 
25D 3234 33% Sil, 248 26.93 115.6 4244 4.80 
390 3.78 33.94 298 2699) WER 2 5.00 6. 38 
400 3.68 34.04 397 27.08 102.5 6206 10.15 
200 3256 34.13 496 27216 95.3 7.05 14.67 
000 3.43 34.20 595 27.23 89.4 7298 19.85 
300 3.14 34231 193 2lea> 79.6 9.66 31.77 
1v00 2-85 34 40 990 27244 T1.1 11216 45.53 
1200 ete | 34.47 1188 27-52 64.1 12252 60.73 
1300 2530 34.53 1484 27260 58.0 14.36 £85.99 


SOUND 


1483. 
1433. 
1482. 
1475. 
1474. 
1471. 
1466. 
1466. 
1466. 
1468. 
1468. 
1469. 
1469. 
1469. 
1471 2 
1472. 
1473. 
1475. 
1478. 
1480. 
1484. 


AD 


300 


-138- 


NL Th ty on 790 
a pit ] : 


elie Ne gle one ae 


90-2.0 N 144-58.0 W 


i ere 3 OM Labor 


6 re 
TEMBER EURE, & 


16 


PaCTFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


Tiry S- 


POSITION 50- 2-0N, 
RESULTS OF STP CAST 


PRESS TEMP 


0 8.93 
10 8.91 
20 8.83 
30 pi hs 4 
a0 6.33 
(ie 4.52 

i090 4.12 
ig eee, 3.91 
150 3.82 
175 4.00 
200 3294 
ake 3.88 
2590 3.84 


300 Deft 9 


SAL 


S213 
32.73 
Sr e'tS 
22.15 
Set t 
32.2383 
32.84 
32 290 
33.27 
33265 
33.77 
33.83 
33.86 
33.93 


15 


-139- 


DELTA 
D 
0.0 
0.26 
0.52 
0.77 
1.23 
1.76 
2225 
2.73 
3218 
3254 
3.86 
4.16 
4.45 
5-02 


POT. 
EN 
0.0 
0.01 
0.05 
On 2 
0.30 
0.64 
1.08 
1.63 
2225 
22-84 
3245 
4e11 
4.82 
6241 


DATE 8/ 7/71 
144-58.0W GMT 19.3 
44 POINTS TAKEN FROM ANALOG TRACE 
DEPTH SIGMA SVA 
T 
9) 25.38 260.8 
10 25.38 260.9 
20 Peso, 2t~9 
30 25-57 242.8 
50 Poets “ean 7 
75 26.03 199.2 
ve fe 26.C8 194.6 
124 26.15 188.2 
149 26245 159.8 
174 26-74 133.22 
199 26.84 123.7 
eS 26.90 118.7 
248 26.92 11644 
298 26.98 111.0 


SOUND 


1484. 
1484. 
1483. 
1479. 
1474. 
1467. 
1466. 
1466, 
1466. 
1468. 
1468. 
1468. 
1469. 
1469. 


+740- 


Bal, ove 
ap Hein 4 : 


(Ges SR 


300 


am 
est 

600 
Li 
sa 
ae, 
YY) 
YY) 
BUY REF. NO. 71 - 5 - 16 
QO 

u9-58.0 N 14U-58.C W 

be0U MO.-7 DAY-12 GMT-18.6 
WOU 


G lke 
| eye eal mala BS ails a 0 


jis 


PACIFIC QCEANOGRAPHIC GROUP 


ReFERENCE NO. 


Tite 3 


PUSTTION 49-58.0N, 
ReSULTS OF STP CAST 


PRESS TEMP 


0 94.23 

10 9.21 
20 8.91 
30 6.83 
0) 6.34 
75 4.69 
i090 4.25 
UZ 4.01 
1590 3.93 
ins 4.16 
260 4.95 
225 3.98 
250 3293 
390 3,85 
490 SW fr 
200 3.61 
0090 3.43 
3090 3.10 
1u00 2.286 
1200 2-58 
15090 231 


SAL 


Deient 2 
Bd OT of 
Sees l eS 
32.74 
32276 
32.282 
32.234 
32.90 
33.236 


33274 


33 ief D 
33.82 
33.285 
33.292 
34.02 
34.11 
34.220 
34.32 
34.40 
34.47 
34.52 


16 


-141- 


DELTA 
2) 
0.0 
0.27 
0.53 
0.78 
1.23 
pL (7 
2027 
2.75 
Bayo 
3.53 
3.84 
4.15 
4.45 
5202 
Ho 10 
7e11 
B.04 
9.172 

11.21 

12.56 

14.40 


DATE 12/ 7/71 
144-58.0W GMT 18.6 
62 POINTS TAKEN FROM ANALOG 
DEPTH SIGMA SVA 
T 
0 25232 266.9 
190 29633) 26642 
20 25-37 261.8 
30 25669 23149 
50 25.77 224.6 
1D 26-01 201.7 
99 26-07 195.9 
124 26.14 189.3 
149 26.51 154.1 
174 26279 128.1 
199 26.84 123.4 
223 26288 120.26 
248 26-90 118.1 
298 26-97 112.24 
397 27.06 104.4 
496 27.214 97.2 
595 27223 89.4 
193 21036 18.4% 
990 27244 71.2 
1188 27252 64.0 
1484 21259 58.9 


TRACE 


POT. 
EN 
0.0 
0.01 
0.05 
0-12 
0.30 
9.264 
1.09 
1.64 
Lisi 
2282 
3242 
4.208 
4.80 
6-41 
10.24 
14.B€é 
20.07 
31.97 
45.65 
60.70 
86.02 


SOUND 


1485. 
1485. 
1484. 
1476. 
1474. 
1468. 
1467. 
1466, 
1467. 
1469. 
1469. 
1469. 
1469. 
1470. 
1471. 
1402. 
1473. 
1475. 
1478. 
1480. 
1484. 


-142- 


TV eels 
apALINiy : 


COW 


M 
‘el pepe : 
1 \ 
Li 
a 
oe) 
7 
We co ENG. 71-2 5 eee 
A 
u9-58.0 N 1U5-8.0 W 
300 M0.-7 DAY-15 GMT-18. 
So 


\ 


G le 
PeMreRAlWURE, Ge 


PACIFIC OCEANOGRAPHIC 
ReFERENCE NO. 


ihe \3- 


PUSTITION 49-58.0N, 
RESULTS OF. STP. CAST 


PRESS TEMP 


0 9.43 
10 9.43 
20 9.43 
30 8B. L3 
50 6248 
1 4.72 

100 4.25 
iz 4.91 
150 4.10 
Lis 4.05 
290 3.99 
Loe 3.92 
250 3.90 
309 3283 


SAL 


32x 13 
32.73 
32273 
32274 
3276 
32.81 
32.84 
32-91 
33.51 


| Bde 13 


33278 
334533 
33.86 
33% 92 


18 


-143- 


51 POINTS TAKEN FROM ANALOG TRACE 


GROUP 
DATE | 1D/. 1770 
145- 6.0W GMT 18.9 
DEPTH SIGMA SVA 
T 
0 25230 268.3 
10 25230 268.7 
20 2s Si. 26S 
30 25 Ole 62459i02 
50 25275 226.23 
1 26.CC 202.8 
99 26.07 195.9 
124 26-15 188.5 
149 26-62 144.5 
174 26280 127.6 
199 26284 123.5 
223 26.89 119.6 
248 26292) Lidsd 
298 26-97 112.4 


DELTA 


POT. 
EN 
0.0 
0.01 
0.05 
0.12 
0.31 
0.65 
1.09 
1.65 
Zee 2 
Zed 
Sih 
4.03 
414 
6234 


SOUND 


1485. 
1486. 
1486. 
1481. 
1475. 
1468. 
1467. 
1466. 
1468. 
1468. 
1468. 
1469. 
1469. 
1470. 


-144- 


TY. OG 
a SAL INI] : 
—p —— 


| 
a REF. NO. 71 - 5 - 19 
u9-57.0 N 145-0.0 NW 
ano MO.-7 DAY-19 GMT-18.6 


C 
KEWPERA TURE. ¢ 


he 


16 


PACIFIC OCEANOGRAPHIC GROUP 


ReFERENCE NO. 


fix S> 


PUSTTION 49-57.0N,y 
RESULTS OF “STP CAST 


PKESS TEMP 


0 1lTOA21 

10 LO.AST 
20 9.98 
30 8.08 
50 6.55 
75 5.54 
100 4.45 
i225 4.18 
150 4.02 
ive 4.08 
<00 3.98 
2225 3.95 
250 3.91 
300 Deel 
400 3.10 
300 oon | 
6000 3244 
300 3.11 
1000 2205 
1200 2361 


1500 2233 


SAL 


32.69 
3271 
Suet 
32214 
32.75 
32 219 
See 
32.90 
33.38 
33.69 
33276 
33.81 
33.85 
BSF 1 
34.04 
34.13 
34.20 
34232 
34.40 
34-46 
34.253 


19 
145- 


-145- 


78 POINTS TAKEN FROM ANALOG TRACE 


DATE 19/7 7/71 

0.0W GMT 18.6 

DEPTH SIGMA SVA 
T 

0 25214 283.5 
10 25216 281.8 
20 25221 27724 
30 25251 248.6 
50 Zot ae 22729 
15 25ag899 298%2 
99 26.03 199.4 
124 262.12 190.9 
149 26-52 153.24 
174 26-76 131.0 
199 26.83 124.9 
LOA a. 26.87 121.3 
248 26.91 117.8 
298 26.97 112.6 
397 27.08 102.7 
496 21.16 95.4 
595 27.23 89.5 
193 27.36 78.5 
990 27244 71.1 
1188 21¢51) “Goel 
1484 27.59 58.4 


DELTA 
D 
0.0 
0.28 
0.56 
0.82 
1.29 
1.85 
2236 
2285 
3.28 
3.264 
3.95 
4.26 
4.56 
5214 
6.21 
7220 
8.12 
9.81 

11.30 

12.66 


14.51. 


POT. 
EN 
0.0 
0.01 
0.06 
0.12 
0.31 
0.67 
1.12 
1.68 
2229 
2054 
3248 
Waitt 
4.87 
6.48 
10.29 
14.81 
19.98 
31.96 
45.260 
60.83 
86.21 


SOUND 


1488. 
1488. 
1488. 
1481. 
1475. 
1472. 
1467. 
1467. 
1467. 
1468. 
1468. 
1469. 
1469. 
1469. 
1471. 
1472. 
1473. 
1475. 
1478. 
1480. 
1484. 


PRE SSE, 


ani FEU 


-146- 


1, ove 
gpALINif : 


a0-O700NN 195=0 20 GW 


MO ~~? DAY-22) GMT=2ag 


6 le 
TEMPERATURE, € 


PACTFIC OCEANOGRAPHIC GROUP 


ReFERENCE NO. 


G8 ce Mie ta 


PUSTTION 50- O.ON, 
RES ULS > UF-STP CASE 


PRESS TEMP 


0 jet te 
1C 10.49 
20 10.44 
30 8.51 
50 6254 
i> Pe i 

100 4248 
ds) 4.23 
150 4.08 
a (03) 4.08 
200 3.96 
Zc eB 
2506 3.88 
300 3.79 


SAL 


32.69 
32.270 
32%, 1% 
32274 
32.76 
32219 
32283 
32.94 
33.44 
33.71 
Sect 
33601 
33.85 
SS ee he, 


a | 
145- 


-147- 


58 POINTS TAKEN FROM ANALOG TRACE 


DATE 22/ 7/71 
0.0W GMT 23.3 
DEPTH SIGMA SVA 
7 
0 25.08 289.0 
190 25-10 287.7 
20 252.12 286.3 
30 250245 254.7 
50 25274 227.21 
75 25-89 213.0 
99 26.04 199.0 
124 26.15 188.4 
149 26.56 149.6 
174 26.78 129.5 
199 26.84 123.9 
223 26287 120.7 
248 2609) “WVIT.5 
298 26.98 111.0 


DELTA 
D 
0.0 
0.29 
0.58 
0.85 
1.32 
1 SO? 
2238 
2-87 
3.29 
3.63 
395 
4.25 
4.55 
S12 


POT. 

EN 
0.0 
Oe OL 
0.96 
0.13 
0.32 
0.67 
1.13 
1.68 
2027 
2284 
3.44 
4.10 
4.32 
6242 


SOUND 


14895. 
1489. 
1489. 
1482. 
1475. 
1471. 
1463. 
1467. 
1468. 
1468. 
1468. 
1469. 
1469. 
1469. 


300 


DB 


600 


CO 
eS 
C 


Re Oro ies, 


1200 


4.8 


[oy Saas 
gpALINiy : 


QL aes ae 


ei ONO. Wil = Wow eee 
FORO 404N WU4-585 DEW 


HOt? Wen meS Gli ap 


G ie 
RENIRERATIUIRE. i 
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PaCIFIC OCEANOGRAPHIC GROUP 


RCEERENCE NO. Aint om ee DATE 26/) 4/71 
PUSTTION 50- 0.0N, 144-58.0W GMT 18.6 
RESULWS OF STP CAST 65 POINTS TAKEN FROM ANALOG TRACE 
PxeESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
1 D EN 
0 10.96 32.266 0 24.99 298.1 0.0 0.0 
10 10.89 32.66 10 Ze,  29tus 3 0.230 0.02 
20 10.83 32.68 20 Cate Lode U 0.59 0.06 
30 33 32.71 30 25250 249.5 0.86 0.13 
590 6.95) Eyres fs) 50 tine Lom 22.309 le Os2 
75 5.48 32.219 K fic) Poe FU. Bl 2 5 1.88 0.67 
i30 4.47 322382 39 262.03 199.7 2240 lewid 
| ats, SOS be, 32.289 124 26.14 189.8 2.89 1.69 
150 = We) 33232 149 26248 157.6 3.32 Law DAD 
LT 4.01 33.69 174 26.77 130.2 3.67 2288 
<00 3.94 ee ar a | 199 20205, 123.7 3.99 3.48 
ag ata 3.87 33.82 Fl ie| 26.05, 1197.5 4.29 4.14 
250 3.283 33.86 248 26.92 116.3 4.59 4.86 
300 3.78 Soe 298 eho thn ils 9 5.16 644 
+00 3.65 34.06 397 27210 100.6 6.21 10.20 
500 3.55 34.14 496 27.17 94.4 7.19 14.67 
00 0 3240 34.21 595 27-22% 88.4 8.10 19.78 
800 3.08 34.32 193 27.236 {8.1 9.76 21.56 
1u00 2.83 34.40 990 27245 70.8 11.25 45.19 
1200 22.58 34246 1188 27252 64.8 12.61 69.35 


1500 2229 34.253 148% 27.60 58.0 14.44 . 85.44 


SOUND 


1491. 
1491. 
1491. 
1480. 
1475. 
1471. 
1468. 
1466, 
1467. 
1468. 
1468. 
1468. 
1469. 
1469. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


fea ore lui aie 


DM 
PND 
on 


300 


-150- 


1, 
gphLINit Of wae 


Goeot.d) N ORGS S oe 0 


POeod Ohl co GM oro 


G Ie 
irichet aH! AEs, ee 


bie 
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PACTFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. Ti-1) 9~-\ 24 DATE 29/ 7/71 

PUSTTION 49-57.0N,y 144-58.0W GMT 18.7 

RESULTS OF STP CAST 75 POINTS TAKEN FROM ANALOG TRACE 

PRESS KEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 

T 2) EN 
a) Leer Bore Ci 0 24615 32025 0.0 0.0 1495. 

19 lee 1B 32.65 10 LenS 8 S1L363 9.32 0.02 1494, 
20 10.98 32265 20 24091 29968 0.62 0.06 1491. 
30 7.84 ate TL. 30 252.52 247.5 0.89 0.13 1480. 
50 6.48 Bere 1 5 50 25074 227.1 1.36 0.32 1475. 
75 sro sf 32.80 le) 25292 210.5 i.91 0.67 1471. 
100 4.73 32.85 99 26.203 200.1 2242 1213 (1469% 
i 4.38 32-96 124 262-15 188.4 2.91 1.69 1468. 
i50 4223 33.63 149 26270 13628 3-232 2025 1468. 
i75 4.11 33.73 174 2Onno Hieber 3.64 2-80 1468. 
<0 Be 33.78 39 26284 123.4 3-96 3-40 1468. 
hae 3.296 33.82 223 26288 12024 4.27 4.06 1469. 
250 3296 33-287 248 26.92 116.9 4.56 4.138 1469, 


300 3.83 33.93 298 26.98 111.4 5213 6.38 1470. 


69 


300 


DB 


Farpessrerciriesr 


600 


CO 
@) 
& 


-152- 


Kt: Oe 
gpALINity 4 


as Se 


Be mNOn tt ss omncrcas 
oo- 7.0 "NN i45-*/ 20" 


Pere Oo On TU 9G Mero oer 


; 8 2 
TEMPERETLRE, C 


35 


PaCIFIC OCEANOGRAPHIC GROUP 
REFERENCE NOG). (te <\5— 
PUSITION 50- 7.ON, 
RESUETS-OFP- STP CAST 


PRE SS TEMP 


0 11.86 

10 11.86 
20 11.35 
30 8-47 
50 6.55 
iS 5.30 
1090 4.51 
iz25 4.18 
150 4.11 
RED 4.01 
200 3.96 
Fah oe, 3.96 
250 3296 
309 3.86 
400 3.66 
200 3.5p 
600 3.40 
390 Cry ie! 
1uU0 2.83 
1200 2258 
1500 2032 


SAL 


32.67 
32.67 
32.67 
344 V2 
32-15 
Seal f 
32233 
33.03 
33.53 
33.71 
33079 
33.83 
33.87 
33.94 
34.05 
34.14 
34.21 
34.32 
34.40 
34 246 
34.52 


-153- 


DATE 4/ 8/71 


145- 7.0W GMT 18.8 

DEPTH © SIGMA SVA 
i 

0 24-83 312.8 
10 24.83 313.2 
20 24.83 313.2 
30 25244 255.6 
50 250i 22769 
Te 25284 217.7 
99 26.04 199.3 
124 262.23 181.22 
149 26263 143.1 
174 26.78 128.8 
142 26285 122.5 
223 26.89 119.6 
248 26.92 116.9 
298 26.99 110.7 
397 27-09 162.6 
496 ZT elt 94.4 
595 27224 88.4 
7193 27.36 78.5 
990 27245 70.8 
1188 27.52 . 64.8 
1483 27.59 59.0 


DELTA 
D 
0. 8 
0.31 
0.63 
0.92 
1.40 
1.96 
2047 
2296 
3236 
3.69 
4.01 
4e 31 
4.61 
5.138 
6224 
7222 
8.13 
9.80 
11.29 
12.64 


14.48 


81 POINTS TAKEN FROM ANALOG TRACE 


POT. 
EN 
0.0 
0.02 
0.06 
0.14 
0.33 
0.69 
1-15 
1.70 
die 24 
2282 
3442 
4.08 
4.179 
6.38 
10.17 
14.64 
ee aes 
a1.59 
45.222 
60.35 
85.66 


SOUND 


1494. 
1494. 
1494. 
1482. 
1475. 
1473. 
1468. 
1467. 
1468. 
1468. 
1468. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484, 


PRESS oU rE, 


DB 
T) 
OC 
c= 
fp} tt} t+ + ++ —+—_ + +> 
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SialLaliNebal yy , 0708 


usp soslieage ep 2H 


Bers awc. hl .- 5 > eel 
US-U9.0 N 1'2-40.0 W 


M0.-8 DAY-9 GMT-9.0 


G le 
ere Ha Ce 5 7 
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PaCIFIC OCEANOGRAPHIC GROUP 


Scr eReNCe NO. de be 5, Ze DATE 9/ 8/T1 
PUSITION 49-49.0Ny, 142-40.0W GMT 9.0 
RESULTS OF STP-GAST 87 POINTS TAKEN FROM ANALOG TRACE 
i ee ie) TEMP SAL DEPTH SIGMA SVA DELTA Pils 
7 D EN 
0 12.48 32.267 0 Cte 22309 0.0 0.0 
10 12.48 32.67 10 24-71 324.4 0.32 0.02 
20 12.47 32.67 20 24072 32464 0.65 0.07 
30 8.74 32.70 30 25.38 260.9 0.94 0.14 
50 Isa 32.74 50 Zpeh2 25569 1.44 0.34 
tpi 6.35 S20 it tee Coeds aehed 2200 0.69 
id0 5243 Ede of 99 25.96 206.3 2.53 ] edad 
We 5235 32.99 124 26-07 196.6 3.04 1.75 
j Hes 6) > oe 2 eo 149 26.61 145.7 3.45 2ese 
Bs) 5.42 33.77 174 26268 139.6 3.280 2a 
200 5-01 33.78 199 262-73 134.5 4.15 3.57 
22> 4.80 33.380 223 200604) 13064 4.48 4.28 
250 4.67 33.83 248 26281 12724 4.80 5.06 
300 4.34 33.86 298 Oe A” Vee ok 5242 6.81 
400 Sep pose SHI 24304 1O09s5 6.58 10.93 
300 2033 34.08 496 27-11 100.8 7.63 15.74% 
6000 apd 34.16 595 27.219 93.9 8.60 21.18 
500 3.25 34228 33 27.231 82.9 10.3T 33.68 
Lu00 2eo4 34.38 990 27242 73-8 11.94 48.02 
1200 2.69 34.45 1188 rae Oy 8 66.7 13.34 63.68 


1500 2236 34651 1484 27.57 60.2 15.24 89.77 


SOUND 


1496. 
1496. 
1496. 
1483. 
1478. 
1475. 
1472. 
1472. 
1474. 
1474. 
1473. 
1472. 
1472. 
1472. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


DB 


O) 
[) 
C 


CO 
eS) 
=) 


Siatetoss digie 


1200 


Ty ques aie 
apALINI : 
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REE. NO. gil = (5) = 425 
U9-4U1.0 N 140-40.0 W 


Heo 3 OF) —9 6M a5 


8 1% 
POMP ERATURE, 
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PaCIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. vil= 5— 28 DATE 9/ 8/71 

PUSTTION 49-41.0N, 140-40.0W GMT 15.6 

RESULTS OF STP CAST 107 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 12.45 32.67 0 242.72 323.44 0.0 0.0 
10 12.43 32.66 10 24072 324.2 0.32 0.02 
20 12.40 32265 29 24.71 324.6 0.65 0.07 
39 B.88 32.68 30 25235 264.5 0.95 0.14 
50 6.34 32593 50 25.74 226.9 1.44 0.34 
is 5.36 32.78 Fhe: 25290 212.0 1.99 0.69 
100 4.73 32.280 39 25299 20358 2-51 1315 
i25 5.18 33.216 124 26.22 181.9 3.00 bbe 4 
150 5245 33.60 149 262-54 152.24 3242 2.30 
Lf 5530" 733373 174 26.65 141.7 3.79 ks er 
200 5.08 33.77 199 26672 13529 4.13 pee i f 
220 4.90 33.80 ze 26276 132.0 4.47 4.229 
<50 4.68 33.82 248 Z2oec0" 128.3 4.73 5.08 
300 4.31 33287 298 26-88 121.0 5-41 6.82 
409 3596 33.98 B57 27.00 109.9 6.57 19593 
300 3096 34.07 496 2450)" 10148 7.63 15.78 
of 0 3.65 34.15 ee bee 27217 95.5 8.61 21.29 
600 3a32 34.229 33 27.231 83.0 10.38 33.85 
1u00 2-94 34.238 990 27242 355, Lisps 48.10 
i200 2.67 34.45 1188 27.50 66.5 13.34 63.77 


1500 2239 34.50 1484 27256 61.2 15.26 90.24 


SOUND 


1496. 
1496. 
1496. 
1484. 
1474. 
1471. 
1469. 
1471. 
1473. 
1474. 
1473. 
1473. 
1472. 
1472. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484, 
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3 3o04 3 i 
0 om 33 a 
\ 

3 OG | ! 
\ | 
: : 
- | | 

: ' 
S 3) ey 
: 
Wi IOV BEE. NO. 71 - § = 29 ! : 
hs | | 
U9-34.0 N 138-40.0N 
L280 MG. —-8 DAY-9 GMT-268.7 
| 
+ 
1500 ie 


12 
TEMPERHTURE, C 


PACIFIC OCEANOGRAPHIC GROUP 


ReFERENCE NO. 


T1- 5- 


PUSTTLON 49-34.0N, 
Beowioel eA Le CAST. 


Pkt SS TEMP 


0 13.68 
10 13.66 
20 13.58 
30 10.17 
50 Pe62 
75 5.93 
i00 52b3 
ios 5.08 
150 5.43 | 
2u5 oe 
200 4.90 
225 4.66 
250 4.50 
300 4.21 
400 3.93 
300 3.72 
0090 38 
300 Dele. t 
Lv09 2296 
i1z00 2.69 
1500 Zio 37 


SAL 


32.67 
32267 
32.67 
32 «Sf 
32.69 
32.277 
32-81 
32.99 
33 46 
33a TO 
33.75 
33.78 
33.80 
33286 
33656 
34.06 
34.14 
34.228 
34.238 
34.45 
34.51 


29 


-159- 


DELTA 
D 
0.0 
6 SE be | 
0.69 
| Se | 
1.54 
2e12 
2.65 
3e%6 
3261 
3.99 
4.34 
4.67 
4.99 
5.61 
6.76 
7.83 
8.82 

10.61 

12.18 


13.59 


15.49 


EO < 
EN 
0.0 
0.02 
0.07 
0.15 
9.36 
Oe rie. 
1.20 
1.79 
2242 
3.05 
Set l 
4.43 
5-21 
6.94 
11.06 
P3..95 
21.48 
34.18 
48.57 
64.32 
90.43 


DATE 9/ 8/71 
138-40.0W GMT 21.7 
83 POINTS TAKEN FROM ANALOG TRACE 
DEPTH SIGMA SVA 
T 
0 24.48 346.5 
10 24.48 346.6 
20 24450 345.3 
30 25.01 A Basal 
50 8-25.54 246.2 
75 = 25.83 21942 
99 25.95 207.4 
124 26.10 193.6 
149 26.43 162.6 
174 26.63 143.8 
199 26.72 135.4 
223 26.77 130.8 
248 26.80 127.8 
298 26.88 120.6 
397, «26699 11th 
496 27.09 102.2 
595 27.17 95.5 
Me 2a ead 
990 27.42 73.7 
1188 27.50 66.7 
1484 27.57 60.3 


SOUND 


1500. 
1500. 
1500. 
1489. 
1479. 
1473. 
1470. 
1471. 
1473. 
1473. 
1472. 
1472. 
1471. 
1471. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


Shes 


300 


1M 
— 600 


cS. 
cee 
es 


Pi Es Sr. 


aioe 


Sebel Nehy , Cee 
e 3 | 


al 128 


~ : 
ae ne 


Bibi Ces) 71) reer 
Ud=cOh.0 N 136-40 508n 


eee 6 DAT — LO or sho 


G le 16 
Evie A) eee 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. | fs 19% 130 DATE 10/7 8/71 

PUSTTION 49-26.0Ny 136-40.0W GMT ~ 3.5 

ReoUL RS OFS Be eA ST 117 POINTS TAKEN FROM ANALCG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
1 D EN 

) 14.25 32 64 0 24234 359.8 0.0 0.0 1302 6 

ae) 14.06 32.64 10 24.33 356.26 0.36 eee blo ves 
20 ib Hess 32.64 20 24-86 310.8 0.71 0.07 1493. 
39 Boo) 32 .64 30 25051 2areo 1.00 0.14 1484. 
50 6.96 ae wey 50 2502 F3%el 1.50 0.35 1477. 

j fee 6.12 32.69 15 25274 227.5 2-C8 0.72 1474. 
ico 5.90 Se de 99 26224 180.2 2-650 1.18 1474. 
ya 6.65 33.70 124 26.47 159.3 3202 1-66 1478. 
150 6.59 So ett 149 20635 ) Los en 3.41 2e21 |} 1478. 
le fie) 6533 / 33.83 174 26261 146.2 3.79 2-83 1478. 
200 6.08 33.86 199 26-67 141.1 4.15 Seve © Lett. 
ay Sis 5.84 33.88 ees Z20et)l LATesS 4.50 4.27 1477. 
20 5.61 33.89 248 26ni >” AS os), 4.83 5.09 1476. 
309 5222 pee ee rd 298 26-82 127.5 5.48 6.91) 1475% 
400 4.61 ie es ed 397 2O593 | VINGh 6.71 LIinsZe 4) 1415. 
200 4.21 34.204 496 27.03 109.0 7.84 16.46 1475. 
030 3.94 34.13 595 2leito 10061 Be 88 22.29 1475. 
300 3248 34.26 Ae: Plezi 86.9 10.75 35.593 5 14775 
1u00 cre ae 34.36 990 27.239 7628 12.38 50.47 1479% 
1200 2.76 34.43 1188 27.48 69.0 13.83 66.71 1481. 


1500 geo 34.50 1434 27.56 61262 15.78. 93.40 1484. 


CO 
& 
‘| 


pieies sUicie. 


res 8) 0) 


-162- 


Tak | Ale 
gpALINi : 


3 


Bee. NO. -—1 - © = aA 


USS 0 N det) A 


Me. -S JAS -10 GMI=9. 4 


8 pres 
HEMPIE RAT WR, i 


-163- 


PACIFIC OCEANOGRAPHIC GROUP 

REPERENCE NO... Ta? 5 31 DATE 10/ 8/71 

PUSITITON 49-17.0N, 134-40.0W GMT 9.4 

ReSULTS OF STP CAST 1090 POINTS TAKEN FROM ANALCG TRACE 


Pre SS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 14.62 32.61 0 24.24 369.5 0.0 0.0 
10 14.46 32.60 10 24-265 367.5 0.37 0.02 
20 14.33 32.60 20 24.29 365.1 0.74 0.97 
30 10.08 32260 30 Zoe? 2a 9 1.06 0.16 
50 7-08 32.65 50 25.58 242.1 1.58 0.37 
5 6.36 Be 9 L5 25271 23024 Zeit 0.74 
igo 5.78 32.77 99 252.84 217.7 PAPE We, 1.24 
£2. 5.66 33216 124 26-17 187.4 3224 eee) 
450 5.73 33.64 149 26254 152.7 3.66 2241 
iv5 5256 33.73 174 26.63 144.2 4.03 3-03 
200 9933 53 19 Lod 26270 137.3 4.38 3.70 
22> 5.11 33.280 22> 26274 134.3 4212 4.43 
259 4.83 33 3S2 248 26500) ~1 2949 5.05 Dee 3 
300 4245 33.86 298 26686 (123.2 3659 7.01 
400 4.293 33.96 Ele Ie! 26-98 112.2 6.86 11.20 
500 3.80 34.96 496 21408 103.0 7.94 16.12 
009 3268 34.214 595 27-16 96.6 B94 21.73 
800 3238 34.228 7193 21430 84.3 10.74 34.55 
1u00 3.08 34.237 990 27.40 Toeo: Ola 4 49.17 
1200 Zeit 34 44 1188 27.48 68.4 13.78 65.28 


1500 2.39 34.51 1484 Zest 60.5 15.70 £91.60 


SOUND 


1503. 
1503. 
1503. 
1488. 
1477. 
1475. 
1473. 
1473. 
1475. 
1474. 
1474. 
1474. 
1473. 
1472. 
1472. 
1473. 
1474. 
1476. 
1478. 
1481. 
1484. 


300 


DB 


600 


CO 
& 
2) 


PRES ote y, 


L200 


L500% 
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S NT OA 
apt! 4 : 


Pet. INO. Gl = > — Be 


W9-10.0 N I3e2-K0.0 W 


MO;-8 DAY-10 GMT-—PuRY 


6 ic 
Creare TA he Weep espe ane 
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PACTFIC OCEANOGRAPHIC GROUP 

REFERENCE UNO. Tizaon 82 DATE 10/ 8/71 

PUSTTION 49-10.0N, 132-40.0W GMT 14.4 

Ros ULTS OF. STP ACAST 109 POINTS TAKEN FROM ANALOG TRACE 


aad SRS TEMP SAL DEPTH SIGMA SVA DELTA ok OF 
if D EN 
0 14.93 52593 0 24-11 381.6 0.0 0.0 
10 14.88 32253 10 24e12 381.0 0.38 0.02 
20 14.28 32D 20 24e20) \ 369.3 9.76 0.08 
30 9.38 32493 30 Joe oe LOS #1 1.09 0.16 
50 ite VAs poh] 50 25.50 249.8 1.62 0.37 
I his) 5.48 32.61 15 25-63 237.8 de eae: 0.76 
100 5.296 32213 99 Leto) 222 a0 2281 1.28 
be 5.83 323.222 124 26219 184.9 3032 1.87 
i50 ae i! 33.64 149 26254 152.4 3274 2245 
i75 5.40 33.76 174 26-67 140.1 4.10 3.05 
200 5s 13 33.89 199 26.73 134.2 4.245 3271 
Zeo 4.93 33281 223 26.76 131.6 4.78 4.43 
Loy) 4.75 33.84 248 26281 127.5 5.10 Seed 
309 4.250 33.89 298 26-88 121.5 De 3 6.96 
400 4.14 33.98 Ete Bf 26299" Ulise 6.90 11.13 
200 4.01 34.209 496 21609" 103.0 7.97 16.05 
000 3.85 34.17 295 27.17 96.2 B8.S7 21.64 
800 3.48 34.30 193 27231 84.0 10.78 34.47 
1u00 3.08 34.39 990 27242 1423 12.36 48.93 
1200 2-71 34245 1188 27.50 67.0 13.76 64.61 


1500 2s 5> 34.51 1484 Ziso0 60.0 15.65 90.64 


SOUND 


1504. 
1504. 
1502. 
1485. 
1478. 
1475. 
1474. 
1474. 
1475. 
1474. 
1473. 
1473. 
1473. 
1472. 
1473. 
1474. 
1415. 
1477. 
1479. 
1480. 
1484. 
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PUSTTION 49- 2.0Ny 
RESULTS Ur Sir GAOT 


PRE DS TEMP 


0 15.47 
10 15.47 
20 15.08 
30 iiksu 
50 8252 
y As 7247 

ioo Ge %z 
eae} 6.73 
150 6259 
5 hee 6.37 
200 6.28 
222 6.00 
250 oat ¥ 
300 po ee} } | 
400 4.79 
500 4.15 
000 4.00 
300 42765 
1000 3514 
1200 2p 19 


1500 2249 


SAL 


32.54 
32254 
32.54 
32-54 
32.54 
32.57 
32-81 
33.44 
33.71 
33.279 
33283 
33.83 
33% 55 
33.89 
33-597 
34.95 
34.14 
34229 
34.37 
34.44 
34.52 
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111 POINTS TAKEN FROM ANALOG TRACE 


DATE 10/7 8/71 
130-40.0W GMT 20.1 
DEPTH SIGMA SVA 
T 

0 24.00 392.1 

10 24200 392.6 
20 24.C8 384.7 
30 24.75 321.0 
50 25229 269.9 
75 25247 25326 
99 25273 228.8 
124 26.25 179.7 
149 26248 158.1 
174 26-58 149.4 
199 26.62 145.9 
223 26.65 142.7 
248 262-72 136.23 
298 26.78 130.8 
397 262.92 118.7 
496 27.04 107.8 
595 27.13 100-1 
p Aske 27228 86.7 
991 27.39 7624 
1188 27.48 68.6 
1484 27258 59.9 


DELTA 
D 
0.0 
0.39 
0.78 
1.14 
pee de 
2.38 
2.99 
3.50 
3.92 
4.30 
4.67 
5.03 
5.38 
6.05 
7.29 
8.42 
9.46 

11.32 

12.95 


14.39. 


16.31 


POT. 
EN 
0.0 
0.02 
0.08 
9.17 
0-41 
9.82 
1.36 
be be 
2254 
3.217 
3.87 
4.65 
5.250 
7.37 
11.79 
16.97 
22.81 
36294 
50.91 
67.02 
G30 3.7, 


SOUND 


1506. 
1506. 
1505. 
1494. 
1483. 
1475. 
1477. 
1478. 
1478. 
1478. 
1478. 
1477. 
1476. 
1476. 
1475. 
1474. 
1476. 
1478. 
1479. 
1481 2 
1484. 
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PACIFIC OCEANOGRAPHIC GROUP 

REF ERENCE NO.siti= 5-34 DAVE I1/, 577% 

PUSTTION 48-51.0Ny, 128-40.0W GMT 1.4 
RESUETS-~OFR-S.TRLCAST 105 POINTS TAKEN FROM ANALOG TRACE 


PRE So TEMP SAL DEPTH SIGMA SVA DELTA POT. 
i D EN 
0 16.06 32203 0 23-48 441.9 0.0 0.0 
10 16.05 32.03 10 23-48 442.1 0-44 0.92 
20 15.90 32.03 20 23-51 43942 0.88 0.09 
30 11.48 32.04 30 24-41 353.5 1.27 0.19 
50 8.53 3241 50 Joie U2 auf 1.90 0.44 
75 Sed 32-54 tha 25246 253.9 2-56 0.86 
i109 7292 32-81 ao Zee Wwe) Del 1.40 
i25 df sy BS <De 124 26224 18026 3268 1.98 
150 Polo f 33e43 149 26243 162.7 4.11 2.59 
i75 6.83 33.84 174 26255 151.9 4.50 3224 
200 6.61 33.87 199 26.61 147.1 4.87 3.95 
225 6.224 33.89 224 26-67 141.2 5.24 4.73 
259 5.57 33-90 248 26671 13724 5258 5.57 
aC 0 ares) 33.93 298 26-79 130.7 6.25 71245 
400 5.00 33.99 397 26.90 120.7 1252 11.94 
500 4.66 34.07 496 27200 111.9 8,68 17.26 
600 4.47 34.17 395 272-1C 10342 9.75 iS wae) 
300 300d 34.30 193 27227 88.3 11.65 36.275 
1000 3-40 34241 991 27240 1664 13229 51.76 
1200 32-93 34.46 1188 27.48 69.9 14.76 | 68.22 


1300 2252 34252 1484 27.57 61.3 16.72 95.08 


SOUND 


1507. 
1507. 
1507. 
1492. 
1482. 
1478. 
1478. 
1480. 
1480. 
1480. 
1479. 
1478. 
1478. 
1477. 
1476. 
1477. 
1478. 
1478. 
1480. 
1482. 
1435. 
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PACIFIC OCEANOGRAPHIC GROUP 
REF ERENCE.ND.. J17) 3—\. 35 DATE 11/ 8/71 
PUSITION 48-46.0N, 127-40.0W GMT. 520 
RZgSULTS.OF SIR, GAST 
PKESS TEMP SAL DEPTH SIGMA SVA 
1b 
0 16.17 32.01 0 23-44 445.7 
10 16.14 32201 10 23-44 445.6 
20 Us PC f 32.04 20 Phau, I614> 
30 8.48 32023 30 25-06 292.1 
50 1236 32258 50 25249 251.0 
igs) 7260 33216 15 25291 211-4 
100 8.09 33268 99 26225 180.0 
i225 7.96 33.51 124 26.37 168.8 
i150 7283 33.85 149 26242 16424 
Lip 7265 33.88 174 26647 160.1 
200 7243 33.90 199 26. Jen Lolm? 
225 7.12 33.91 208 26257 151.0 
250 6.94 Joie 33 248 26261 147.7 
300 6.43 33.95 298 26269 140.2 
+00 5258 34.200 39d 26284 127.0 
200 5.19 34 206 496 26.93 118.9 
090 4.75 34214 595 27.05 108.7 
890 4.19 34228 ios 27.22 93.6 
iv00 3.63 34.37 991 27.35 82.0 
i200 3.14, 34.45 1188 27246 71.9 
1500 22-60 34452 1484 27256 62.2 
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90 POINTS TAKEN FROM ANALOG TRACE 


DELTA 
D 
9.0 
0.45 
0.86 
1.17 
1.71 
2230 
2278 


3493 


3263 
4.204 
4.43 
4.82 
5219 
5.91 
7224 
8.46 
9.61 
11.64 
13.40 
14.93 


16.94 > 


POT. 
EN 
0.9 
0.02 
0.08 
0.16 
0.38 
et 3 
1.18 
1.68 
2.26 
2293 
3.69 
4e Die 
5242 
71243 
12.16 
17.79 
24.220 
38.654 
54.71 
71.82 


SOUND 


1507. 
1507. 
1499. 
1482. 
1478. 
1480. 
1483. 
1433. 
1483. 
1483 ® 
1483. 
1482. 
1481. 
1480. 
1479. 
1479. 
1479. 
1480. 
1481. 
1482. 
1485. 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


tf Po 


PUSTTION 48-42.0N, 
ReSULTS OF STP CAST 


PRESS TEMP 


0 15.68 
10 15.65 
20 13.43 
30 11.13 
50 8.28 
12 7.20 


400 7-48 
i25 7242 


i50 7.10 


i75 6.91 
200 6.74 
2c 6.45 
250 6.18 


300 Sef2 
400 5.32 
500 4.74 
000 4.58 
300 4.03 


1u00 3.53 
1200 3.14 


SAL 


32.05 
32.05 
32.05 
32.210 
32-46 
B20 2 
33-41 
33.67 
33.82 
33.88 
33.90 
33.91 
33.91 
33.91 
34.01 
34.07 
34.17 
34.29 
34.37 
34.45 
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DATE 11l/ 8/71 

103 POINTS TAKEN FROM 
DEPTH SIGMA SVA 

T 

0 232-58 432.3 
10 23-58 432.2 
20 24.05 387.9 
30 24.52 343.1 
50 25226 272.5 
75 25-62 238.8 
99 26.13 191.5 
124 262.34 171.7 
149 26.50 156.6 
174 26-57 149.9 
199 26-61 146.6 
223 26.66 142.4 
248 26.69 139.3 
298 262-75 134.2 
397 26.88 123.1 
496 26.99 112.8 
595 27.09 104.4 
193 27.22% 91.0 
991 272.36 80.8 
1188 27.46 71.9 


DELTA 
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0.C 
0.43 
0.85 
1.21 
1.81 
2-44 
2-98 
3244 
3.85 
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4.96 
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9.52 
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SURFACE SALINITY 
CRUISE REFERENCE NUMBER 71- 


DATE TIME 
YR. GMO DY U-GMT 
tls nO 763 pee 43 
dk. y 46 26 40 
Lhe a9 326 300 
Id ae0 525 tant LO 
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71 6 26 1610 
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SALINITY 


0/00 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CROTSE REFERENCE NUMBER 7 1— 
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INTRODUCTION 


Canadian operation of Ocean Weather Bete iol P (latitude 50°00'N, 
longitude 145°00'W) was inaugurated in December, 1950. The station is 
manned by two vessels operated by the Marine Services Branch of the 
Ministry of Transport. They are the CCGS VANCOUVER and the CCGS QUADRA. 
Each ship remains on station for a period of six weeks, and is then relieved 
by the alternative ship, thus maintaining a continuous watch. The chief 
purpose of the station is to operate as a meteorological station for sur- 
face ang papnert -air observations and as an air-sea rescue station. 


Uandiebennwar anh observations have been made at Station P since 
July, 1952: A program of more extensive oceanographic observations was 
commenced in August, 1956. This was further extended in April, 1959, by 
the addition of a series of oceanographic stations along the route to and 
from Station P and Swiftsure Bank. These stations are known as Line P 
Stations. The number of stations on Line P has been increased twice and 
now consists of. twelve stations (Fig. 1). Bathythermograph observations 
and surface salinity sample collections in addition to being made on 
Line P oceanographic stations are also made at odd meridians at 40' i.e. 
139940'W, 141940'W, etc. -Data observed prior to 1968 has been indexed by 
Collins et al, (1969). 


The present record includes hydrographic and salinity-temperature- 
pressure data collected from the QUADRA during the period August 6 to 
September 22, 1971, hydrographic data from the VANCOUVER during the period 
September 17 to November 3, 1971, hydrographic and salinity-temperature- 
pressure data from the QUADRA during the period October 28 to December 8, 
1971 and surface temperature and salinity data from the VANCOUVER during 
the period December 3, 1971 to January 16, 1972. 


All physical data has been archieved by the Canadian Oceanographic 
Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data Should be directed to CODC. 


Biological and productivity data are published in the Manuscript 
Report series of the Fisheries Research Board of Canada (FRB), The Biological 
Station, Nanaimo, B.C., Canada. Requests for these data should be directed 
to FRB. 


Marine Geochemical data are for the Ocean Chemistry Group, 
Marine Sciences Branch, Department of the Environment, the Biological 
Station, Nanaimo, B.C., Canada. 


Bird observations are sent to Dr. M. Myres, University of Calgary, 
Calgary, Alberta, Canada; and Marine Mammal observations to Mr. I. McAskie, 
Fisheries Research Board of Canada, The Biological Station, Nanaimo, B.C. 
Canada. |. 


Proaram of observations from CCGS QUADRA, 6 August to 22 September, 197) 
-/1-6 C Ref. No. 02-/1-006 


Oceanographic observations were made by Mr. R. Bellegay, Marine 
Sciences Branch, Department of the Environment. | 


En route to Station P Line P oceanographic Stations 1 to 12 
were occupied and STD casts made to near bottom or 1500 meters. At Stations 
4 and 9 sampling was continued to 2400 and 3500 meters with water bottles. 
BT casts were made and surface salinity and nitrate samples were collected 
at all Line P oceanographic and BT Stations. 


I) Physical Oceanography 


On Station P profiles of salinity, temperature and oxygen 
were obtained as follows: 


Weekly bottle casts to near bottom (4200 meters). 
Weekly STD casts to 1500 meters following bottle casts. 
Twice weekly STD casts to 300 meters.: 

Mechanical BT casts 8 times daily. 

Bucket surface salinity sample daily at 0000 hrs. GMT. 


Oa Wh — 
eS SS SS 


Other observations made and data obtained at Station P were 
as follows: 


II) Biological and Productivity 


These data were collected as follows: 


1) Plankton 
A total of 25 - 50 meter, 25 - 150 meter, 2 - 1200 meter 
vertical hauls and 7 - 10 minute horizontal tows. 

2) Three profiles and 3 surface samples for pigment, nitrate 
and Cy4 productivity. 


3) Weekly secchi disk depth measurements. 


III) Marine Geochemistry 
Samples for Marine Geochemical studies were obtained as follows: 


1) Oxygen - Weekly at standard depths from the hydrographic 
cast. 

2) Nutrient samples for silicate, nitrate and phosphate 

daily from the ship's seawater loop plus one hourly 

sampling for 48 hours. A profile was taken from one 

hydrographic cast. 

Alkalinity samples every three days from the seawater loop. 

Two C1402 samples from the seawater loop. 

Air samples for CO? analysis once a week. 


ON W 
SS 


Pa is 


IV) Marine Mammal, Bird and Data Gathered for Other Institutes 


) Marine mammal and bird observations were recorded. 

) Samples from ten deep trawls sent to the Museum of 
Natural History in Ottawa and the Biological Station 
Nanaimo by Captain Dykes. 

3) One salmon was caught in the fishing program. 


Ro — 


En route from Station P oceanographic Station 12 through 1 
were occupied and STD casts made to 1500 meters or near bottom. At 
Station 9 sampling was continued to 3500 meters with water bottles. BT 
casts were made and surface salinity and nitrate samples were collected at 
all Line P oceanographic and BT Stations. 


Due to malfunction of STD only STD temperature data from Stations 
38-50 inc. are included in this report. 


Program of observations from CCGS VANCOUVER, September 17 to November 3, 1971. 
(P=71-7) (COD Ref. No. 02-71-007) 


Oceanographic observations were made by Mr. W. Hansen, Marine 
Sciences Branch, Department of the Environment. 


En route to Station P bathythermograph casts were made and 
surface salinity and nitrate samples taken at all Line P oceanographic and 
BT Stations. 


I) Physical Oceanography 


On Station P profiles of salinity, temperature and oxygen 
obtained as follows: 


1) 4 bottle casts to near bottom (4200 meters) and one to 
600 meters. 

2) BT casts 8 times daily. 

3) Bucket surface salinity sample aiiia at 0000 hrs G.M.T. 


II) Biological and Productivity 
These data were collected as follows: 


1) Plankton 
A total of 16 - 50 and 150 meter, 2 - 1200 meter vertical 
hauls and 7 - 10 minute horizontal tows. Daily micro- 
organism samples from the ship's seawater loop. 

2) One profile sampling for pigment, nitrate and Cy, 
productivity. 

3) One secchi disk depth measurement. 


III) Marine Geochemistry 


Samples for Marine Geochemistry studies were obtained as 
follows: 


1) Oxygen - at standard depths from hydrographic casts. 


2) Nutrient samples for silicate, nitrate and phosphate 
daily from the seawater loop plus hourly samples for one 
48 hour period. A profile sampling was also taken from 
one hydrographic cast. 

3) Alkalinity samples once every three days from the sea- 
water loop. 

4) Two surface cl4o sample from the seawater loop. 

5) Air samples for fo, analysis once a week. 


IV) Marine Mammal, Bird and Data Gathered for Other Institutes 


1) Marine mammal and bird observations were recorded. 

2) The fishing program produced 9 fish. 

3) A rain water sample was collected for Scripps Institute 
of Oceanography. 


En route from Station P the hydrographic program was cancelled 
due to bad weather. BT casts were made and surface salinity and nitrate 
Samples were collected at Line P oceanographic Stations. 


Program of observations from CCGS QUADRA, October 29 to December 8, 1971. 
(Po7 728 er (CODCT REF me Noe O27 12008) 


Oceanographic observations were made by Mr. D. Healey of tne 
Marine Sciences Branch, Department of the Environment. 


En route to Station P the hydrographic program was cancelled due 
to bad weather. Nine BT casts were made and surface salinity and nitrate 
samples were collected at all Line P Stations. The surface temperature re- 
corder was operated continuously on Line P. 


I) Physical Oceanography 


On Station P profiles of salinity, temperature and oxygen 

were obtained as follows: 

(Weather conditions on this cruise were such that the ncrmal 
sampling program was not possible.) 


1) A total of 3 bottle casts to near bottom (4200 meters). 
2) A total of 16 - 1500 meter and 4 - 300 meter STD casts. 
3) BT casts 8 times daily. 

4) Surface salinity sample daily at 0000 hrs G.M.T. 


Other observations made and data obtained at Station P were 
as follows: 


II) Biological and Productivity 


These data were collected as follows: 


1) Plankton 
A total of 12 - 150 meter, 1 - 1200 meter vertical hauls 
and 7 - 10 minute horizontal tows. Daily micro-organism 


samples from the ships seawater loop (weather permitting). 
2) Two profiles for pigment, nitrate and C-14 productivity 
and surface samples every other week. 


3) Weekly secchi disk depth measurements. 


III) Marine Geochemistry 


Samples for Marine Geochemical studies were obtained as 
follows: 


1) Oxygen profiles from the hydrographic casts. 

2) Nutrient samples for silicate, nitrate and phosphate 
daily from the seawater loop and hourly for one 24 hour 
period. Profile sampling from one hydrographic cast. 

3) Alkalinity samples once every three days from the sea- 
water loop. 

4) Two seawater cl40., sample from the seawater loop. 

5) Weekly air samples for C05 analysis. 


IV) Marine Mammal, Bird and Data Gathered for Other Institutes 


) Marine mammal and bird observations were recorded. 

) The. fishing program produced 45 salmon. 

) A Cl4 profile for the University of Washington was made. 

) Rainwater samples for Scripps Institute of Oceanography 
were collected. 


En route from Station P Line P Stations 12 through 5 were occupied 
and STD casts to 1500 meters were made. Bad weather forced the cancellation 
of hydrographic observations at Stations 4 through 1. BT casts were 
made arid surface salinity and nitrate samples obtained at Line P 
hydrographic and BT Stations 12 through 5. The temperature recorder was 
operated continuously along the entire length of Line P. 


Program of observations from CCGS VANCOUVER, December 3, 1971 to January 16, 
1972. (P-71-9) (CODC Ref. No. 02-71-009). 
Oceanographic observations were made by the ship's officers. 


En route to Station P 4 XBT casts were made and surface salinity, 
nitrate and nutrient samples were obtained at Line P stations. 


I) Physical Oceanography 


1) Mechanical BT casts 8 times daily. 
2) Surface salinity sample daily at 0000 hrs G.M.T. 


Other observations made and data obtained at Station P were 
as follows: 


II) Marine Geochemistry 


Samples for Marine Geochemical studies were obtained as 
follows: 


1) Daily surface nutrient samples. 
2) 3 surface alkalinity samples. 
3) Weekly air samples for CO,, analysis. 


III) Marine Mammal, Bird and Data Observations for Other Institutes 
1) Marine mammal and bird observations were recorded. 


En route from Station P only surface salinity, nutrient and 
nitrate samples were obtained at Line P stations. 


Data was processed by Messrs. R. Bellegay, W. Hansen, D. Healey 
and D. Smith, and assembled and edited for publication by Mr. K. Abbott- 
Smith. 


Observational Procedures 


Temperatures at depth were measured by deep-sea reversing 
thermometers of German (Richter and Wiese) or Japanese (Yoshino Keiki Co.) 
manufacture. Two protected thermometers were used on all Nansen bottles, 
and one unprotected thermometer was used on each bottle at depths of 
300 m or greater. The accuracy of protected reversing thermometers is 
believed to be +0.02C. 


Surface water temperatures were measured from a bucket sample 
using a deck thermometer of +0.1C accuracy. 


Salinity determinations were made aboard ship with either an 
Auto-Lab Model 601 Mark 111 inductive salimoneter or a Hytech Model 6220 
lab salinometer. Accuracy using duplicate determinations is estimated 
to be +0.003 ppt. 


Depth determinations were made using the "depth difference" method 
described in the U.S.N. Hydrographic Office Publication No. 607 (1955). 
Depth estimates have an approximate accuracy of +5 m for depths less than 
1000 m, and +0.5% of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in the shipboard laboratory 
by a modified Winkler method (Carpenter, 1965). 


Salinity-temperature-pressure data were obtained with a Bissett- 
Berman Model 9006 STD on cruises P-71-6 and. P-71-8. 


Line P engine intake continuous temperatures were recorded by a 
Honeywell Model 15303836 Recorder. Tne temperature probe is at a depti 
of approximately 4 meters and the instrument accuracy is believed to be 
ot Lee 


Computations 


All hydrographic data were processed with the aid of an IBM 360 
computer. Reversing thermometer temperature corrections, thermometric 
depth calculations, and accepted depth from the "depth difference" method 
were computed. Extraneous thermometric depths caused by thermometer mal- 
functions are automatically edited and replaced. A Calcomp 563 Offline 
Plotter was used to plot temperature-salinity and temperature-oxygen diagrams, 
as well as plots of temperature, salinity and dissolved oxygen vs 10g]Q depth. 
These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas 
interpolation method (Reiniger and Ross, 1968). These data are indicated 
with an asterisk in this data record. 


Data values that we suspect but are included in this data record 
are indicated with a plus. These data have been removed from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument 
have been hand digitized, then replotted using the Calcomp Plotter. 
Digitization was continued until original and computer plotted traces 
were coincident. Temperature and salinity values were listed at standard 
pressures; integrals (depths, geopotential anomaly, and potential energy 
anomaly) were computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in meters 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 

SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 

POT EN is potential energy in units of 108 ergs/cm@ 

OXY is the concentration of dissolved oxygen expressed 
in milliliters per liter 

V-B PERIOD is the Vaisala-Brunt period in minutes 


Summary of Hydrographic Data 
The data are graphically summarized as follows: 


Composite plots of temperature vs logjg depth (Figs. 3, 4, P-71-6), 
(Fig. 10, P-71-7) and (Fig. 16, P-71-8). 


Composite plots of salinity vs logjg depth (Figs. 5, 6, P-71-6), 
(Fig. 11, P-71-7) and (Fig. 17, P-71-8). 


Composite plots of oxygen vs 10g]9 depth (Figs. 7, 8, P-71-6), 
(Fig. 12, P-71-7) and (Fig. 18, P-71-8). 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


7 1-06-038 


POSITION 49-04.9N 
RESULTS OF STP CAST 


DEPTH 


0000 
0004 
0005 
ele) Ge) 
0014 
0020 
0030 
0032 
0035 
0050 
0051 
0054 
0058 
0060 
0063 
0064 
0066 
0068 
0072 
0074 
0075 


TEMP 


10.42 
10.42 
10.45 
10.25 
10.18 
10.16 
10.13 
10.12 
10.07 
10.02 
10.01 
09.83 
09.35 
08.99 
08.22 
07.95 
07.40 
07.00 
06.30 
06.19 
06.0% 
05.87 
05.75 
05. 67 
05.265 
05.42 
05.40 
05.30 
05.26 
05.16 


142-04.0W GMT 23.4 


90 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0104 
0105 
0109 
0110 
0112 
0114 
0115 
0118 
0121 
0125 
0126 
0130 
0138 
0144 
0149 
0150 
0155 
0157 
0160 
0166 
0171 
0175 
0179 
0181 
0183 
0188 
0194 
0200 
0203 
0206 


DATE 19/09/71 


TEMP 


05.12 
05.04 
04.90 
04.80 
04.80 
04.89 
05.03 
05.22 
05.25 
05.42 
05.45 
05.51 
05.50 
05.52 
05.51 
05.53 
05.58 
05.58 
05.53 
05.50 
05.37 
05.31 
05.26 
05.26 
05.21 
05.16 
05.13 
05.07 
05.02 
05.02 


DEPTH 


0207 
0210 
0217 
0220 
0224 
0232 
0233 
0236 
0245 
0258 
0262 
0267 
0289 
0298 
0350 
0380 
0400 
0450 
0500 
0600 
0690 
0743 
0800 
0820 
0846 
0855 
1000 
1200 
1350 
1490 


TEMP 


04.98 
04.98 
04.92 
04.90 
04.86 
04.84% 
04.82 
04.82 
04. 73 
04.66 
04.60 
04.59 
04-40 
04.35 
04.05 
03.96 
03.93 
03.85 
03.74% 
03.54 
03.37 
03.31 
03220 
03.19 
03.12 
03-13 
02-92 
02.67 
02.49 
02.35 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-039 


POSITION 4%9-04.1N 
RESULTS OF STP CAST 


DEPTH 


0000 
0003 
0005 
0010 
0012 
0015 
0020 
0026 
0030 
0041 
0044 
0047 
0c50 
0054 
0056 
0058 
0069 
0064 
0067 
0070 
0073 
0075 
0079 


TEMP 


10.77 
10.77 
10.53 
10.47 
10.45 
10.27 
10.16 
10.05 
10.03 
09.99 
09.93 
09.90 
09.70 
06.4 3% 
06.04 
05.96 
05.95 
05.82 
05.75 
05.61 
05.55 
05244 
05.35 


140-04. Ow GMT 05.5 


68 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0081 
0084 
0087 
0090 
0092 
0095 
0100 
0105 
0110 
0115 
0120 
0125 
0131 
0135 
0150 
0167 
0173 
0183 
0200 
0204 
0216 
0226 
0250 


DATE 19/09/71 


TEMP 


05.15 
04.80 
04.68 
04.6% 
04.67 
04.87 
05.05 
05.22 
05.32 
05.35 
05.35 
05.32 
05.28 
05.21 
05.10 
05.01 
05.00 
04.85 
04.73 
04.67 
04.62 
04.53 
04.40 


DEPTH 


0255 
0270 
0281 
0298 
0300 
0310 
0350 
0400 
0475 
0500 
0600 
0685 
0715 
0800 
0820 
0960 
1000 
1100 
1200 
1270 
1300 
1485 


TEMP 


04.39 
04.25 
04.22 
04.15 
04.14 
04.06 
03.95 
03.86 
03.70 
03.67 
03.50 
03.34 
03.32 
03.17 
03.13 
02.93 
02.89 
02.78 
02.66 
02.57 
02.55 
02.36 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-0040 


POSITION 49-03.4N 
RESULTS OF STP CAST 


DEPTH 


0000 
0006 
0008 
0010 


TEMP 


12.09 
12.08 
12.05 
11.59 
11.45 
11.40 
11.37 
11.33 
11.30 
11.29 
11.25 
11.20 
li.l1l 
07-25 
07.00 
06.76 
06.71 
06.62 
06.37 
06.23 
06.10 
05-92 
05.90 
05.90 
05.88 
05.89 
05.80 
05.65 
05.58 
05.21 
05.12 


138-04.0W GMT 11.7 


92 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0107 
0109 
0116 
0119 
0125 
0134 
0139 
0144 
0150 
0159 
0164 
0167 
0170 
0175 
0179 
0183 
0194 
0196 
0200 
0208 
0210 
0220 
0226 
0238 
0242 
0246 
0250 
0256 
0264 
0269 
0274 


DATE 20/09/71 


TEMP 


05.14 
05.12 
05.23 
05.22 
05.29 
05.34 
05.42 
05.41 
05.42 
05.41 
05.37 
05.36 
05.32 
05.28 
05.22 
05.22 
05.08 
05.11 
05.07 
05.00 
04.93 
04.88 
04.78 
04.65 
04.653 
04.57 
04.57 
04.52 
04.50 
04-43 
04.41 


DEPTH 


0280 
0284 
0300 
0340 
0400 
0425 
0430 
0438 
0440 
0465 
0475 
0485 
0500 
0520 
0530 
0600 
0620 
0720 
0755 
0300 
0925 
0950 
0970 
1000 
1090 
1200 
1250 
L2fo 
1350 
1485 


TEMP 


04.36 
04.35 
04.28 
04.10 
04.00 
03.96 
03.96 
03.90 
03.94 
03.81 
03.82 
03.75 
03.74 
03.72 
03.72 
03.57 
03.53 
03.43 
03.37 
03.29 
03.05 
03.03 
02.99 
02.95 
02.85 
02.67 
02.62 
02.61 
02.50 
02.35 
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PACIFIC GQCEANOGRAPHIC GROUP 


REFERENCE NO. 


7 1-06-042 


POSITION 49-02.6N 
RESULTS OF STP CAST 


DEPTH 


0000 
0006 
0007 
0010 
0012 
0014 
0015 
0020 
0030 
0040 
0044 
0046 
0050 
0055 
0057 
C058 
0061 
0064 
0066 
0068 
0070 
0075 
C080 
0083 
0084 
0086 
0091 
0095 
0100 
C106 
0109 
O1LO 
0114 


TEMP 


12.25 
12.23 
12.23 
12.10 
12.03 
11.75 
11.53 
11.45 
11.35 
11.30 
il.21 
10.95 
08.25 
07.21 
07.03 
07.05 
06.82 
06.68 
06.50 
06.47 
06.38 
06.28 
06.21 
06.21 
06.18 
06.19 
06.18 
06.12 
05.97 
05.72 
05.66 
05.59 
05.57 


136-04. 0W GMT 19.5 


98 POINTS TAKEN FROM ANALOG TRACE | 


DEPTH 


DATE 20/09/71 


TEMP 


05.62 
05.62 
05.57 
05.57 
05.56 
05.66 
05.67 
05.56 
05.60 
05.57 
05.57 
05.50 
05.48 
05.40 
05.38 
05.25 
05.20 
05.10 
05.06 
05.02 
05.00 
04.93 
04.87 
04.84 
04.75 
04.70 
04.62 
04.60 
04.50 
04.43 
04.40 


04.36 


04.30 


DEPTH 


0300 
0325 
0355 
0400 
0420 
0460 
0500 
0515 
0525 
0540 
0585 
0600 
0650 
0800 
0830 
0840 
0880 
0927 
0940 
0955 
0985 
1000 
1020 
1030 
1050 
1070 
1190 
1230 
1240 
1385 
1410 
1490 


TEMP 


04.26 
04.12 
03.97 
03.87 
03.84 
03.86 
03.80 
03.76 
03.77 
03.70 
03.64% 
03.60 
03.50 
03.29 
03.25 
03.2% 
03.22 
03.13 
03.08 
03.07 
02.98 
02.97 
02.96 
02.90 
02.90 
02.85 
02.70 
02.65 
02.62 
02.45 
02.43 
02.34 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-043 


POSITION °49-01.7N 
RESULTS OF STP CAST 


DEPTH 


0000 
0010 
0013 
0020 
0022 
0024 
0030 
0032 
0034 
0038 
0041 
0042 
0043 
0045 
0050 
0055 
0060 
0063 
0066 
0068 
0069 
0071 
0075 
0080 
0081 
0082 
0084 
0086 


TEMP 


12.95 
12.95 
12.95 
12.85 
12.75 
12.45 
12.36 
12.34 
12.18 
09.78 
08.32 
08.25 
07.95 
07.60 
07.28 
07.10 
07.01 
06.85 
06.82 
06.77 
06.80 
06.70 
06.67 
06.57 
06.51 
06.51 
06.45 
06242 


134-04.0W GMT 01.8 


83 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0089 
0091 
0094 
0096 
0097 
0100 
O1LO 
0120 
0125 
0129 
0134 
0138 
0142 
0150 
0154 
0158 
0160 
0175 
0179 
0184 
0190 
0200 
0202 
0204 
0218 
0226 
0236 
0242 


DATE 21/09/71 


TEMP 


06.35 
06.39 
06.27 
06.19 
06.15 
06.05 
05.66 
05.60 
05.57 
05.60 
05.75 
06.08 
06.00 
05.78 
05.75 
05.77 
05.66 
05.66 
05.55 
05.52 
05.36 
05.35 
05.27 
05.15 
05.02 
04.98 
04.95 


DEPTH 


0250 
0262 
0265 
027% 
0277 
0290 
0300 
0310 
0330 

380 
0400 
0450 

460 
0500 
0600 
0730 
0755 
0770 
0800 
0840 
0890 
0930 
1000 
1030 
1120 
1200 
1490 


TEMP 


04.90 
04.83 
04.76 
04.72 
04.64 
04.55 
04.52 
04.42 
04.30 
04.08 
04.07 
03.90 
03.85 
03.78 
03.67 
03.50 
03.47 
03.41 
03.37 
03.30 
03.25 
03.13 
03.00 
02.99 
02.83 
02.72 
02.39 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-044 


POSITION .49-01.0N 
RESULTS OF STP CAST 


DEPTH 


0000 
0010 
0020 
0030 
0032 
0038 
0041 
0044 
0050 
0051 
0053 
0055 
0058 
0062 
0066 
0069 
co71 
coT5S 
0080 
0084 
C090 
0097 
0100 
0106 


TEMP 


13.75 
13.75 
13.75 
13.75 
13.29 
13.58 
13.92 
11.90 
09.25 
08.80 
08.53 
08.5% 
07.98 
07.60 
07.28 
07.20 
07.18 
06.93 
06.75 
06.66 
06.26 
05.95 
05.91 
05.88 


132-04.0W GMT 08.2 


71 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0125 
0134 
0150 
0156 
0164 
0169 
0175 
0187 
0193 
0200 
0208 
0212 
0220 
0224 
0230 
0240 
0250 
0252 
0256 
0260 
0267 
0270 
0274 
0284 


DATE 21/09/71 


TEMP 


05.90 
05.88 
05.75 
05.67 
05.62 
05.50 
05242 
05.28 
05.17 
05.11 
05.02 
04.94 
04.85 
04.84% 
04.74 
04.65 
04.58 
04.58 
04.55 
04.50 
04.48 
04.45 
04244 
04.40 


DEPTH 


0300 
0315 
0355 
0385 
0400 
0500 
0600 
0670 
0695 
0726 
0755 
0800 
0835 
0870 
0950 
1000 


TEMP 


04.32 
04.27 
04.18 
04.08 
04.10 
03.92 
03.80 
03.67 
03.58 
03.57 
03.52 
03.47 
03.35 
03.30 
03.16 
03-04 
02.85 
02.70 
02.62 
02.55 
02.53 
02.39 
02.33 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-045 


POSITION 49-00.2N 
RESULTS OF STP CAST 


DEPTH 


c000 
0010 
0020 
0028 
0030 
C033 
0034 
0036 
0042 
0043 
C046 
0050 
0052 
C056 
C058 
0062 
C063 
0066 
co70 
0075 
0081 
0083 
0085 
0088 
C093 
0095 
c0o98 
01900 
0102 
C105 
C198 
C112 


TEMP 


}45,93 
ig We | 
13.93 
13.92 
13.90 
13.85 
13.72 
13.50 
11.40 
11.00 
10.15 
09.02 
08.68 
08.31 
08.19 
07.90 
07.75 
07.59 
07.46 
07.25 
07.01 
06.99 
07210 
07.13 
07.07 
O7.11 
07.10 
06.95 
06.80 
06.77 
06.68 
06.60 


130-04.0W GMT 14.8 


94 POINTS TAKEN FROM ANALCG TRACE 


DEPTH 


0116 
0123 
0125 
0127 
0128 
0130 
0132 
0135 
0138 
0142 
0145 
0148 
0150 
0160 
0164 
0175 
0187 
0189 
0200 
0214 
0220 
0224 
0230 
0235 
0240 
0245 
0250 
0253 
0265 
0273 
0280 


DATE 21/09/71 


TEMP 


06.45 
06.31 
06.31 
06.27 
06.27 
06.18 
06.17 
06.20 
06.33 
06.23 
06.29 
06.28 
06.24 
06.26 
06.22 
06.20 
06.08 
65.95 
05.80 
05.67 
05.67 
05.60 
05.57 
05.45 
05.38 
05.35 
05.34 
05.230 
05.10 
05.05 
05.02 


DEPTH 


0287 
0292 
0300 
0335 
0350 
0365 
0400 
0450 
0500 
0600 
0625 
0655 
0660 


TEMP 


04.93 
04.91 
04.86 
04.55 
04.51 
04.35 
04.20 
04.00 
03.90 
03.73 
03.70 
03.68 
03.71 
03.69 
03-65 
03.67 
03.64 
03.6% 
03.58 
03.56 
03.50 
03-42 
03.14% 
02.95 
02.77 
02.75 
02.65 
02.62 
02.52 
02-49 
02.37 
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1200; 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO} 


711-06-046 


PUSTTION 48-0561N 
PESUL I SaDF i. dhP ec GAstT 


DEPTH 


C000 
cool 


TEMP 


14.97 
15.00 
14.95 
14.93 
14.91 
14.89 
14.81 
14.75 
14.10 
10.77 
10.20 
09-42 
09.30 
03.59 
08.45 
08.05 
07.82 
07.70 
7.60 
07.60 
07245 
07.40 
OT.22 
07.18 
07.12 
07.10 
07.02 
06.99 
06.9% 
06.92 
07.01 
07.05 


128-04.0W GMT 20.8 


95 POINTS TAKEN FROM ANALOG TRACE 


OEPTH 


0125 
0130 
0136 
0150 
0175 
0182 
0200 
0210 
0216 
0220 
0224 
0227 
0237 
0241 
0246 
0250 
0264 
0282 
0284 
0285 
0290 
0298 
0300 
0320 
0360 
0370 
0400 
0450 
0480 
0495 
0500 
0510 


DATE 21/09/71 


TEMP 


07.05 
07.10 
07.11 
07.02 
06.80 
06.77 
06.66 
06.58 
06.49 
06.42 
06.39 
06.38 
06.27 
06.27 
06.18 
06.16 
06.07 
05.81 
05.81 
05.78 
05.77 
05.65 
05.65 
05.40 
05.17 
05.24 
05.07 
04.91 
04.75 
04.75 
04.70 
04.64 


DEPTH 


0512 
0520 
0530 
0532 
0540 
0550 
0560 
0570 
0600 
0612 
0630 
0660 
C680 
0710 
0780 
0800 
0925 
0935 
1000 
1010 
1050 
1200 
1220 
1230 
bZ2p0 
1280 
1350 
1370 
1410 
1440 
1485 


TEMP 


04.71 
04.71 
04.67 
04.69 
04.59 
04.56 
04.59 
04.57 
04.47 
04.41 
04.41 
04.35 
04.25 
04-22 
04.00 
03.93 
03-260 
03.5% 
03.40 
03.35 
03.30 
02.95 
02.91 
02.91 
02.81 
02.75 
02.68 
02-69 
02-62 
02.53 
0246 
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300 


600; 


RGR&o NOkgew al Gy —~ Oty 
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MO.-9 DAY-22 GMT-O.4 


7 sae 12 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO- 


71-06-047 


POSITIUN 48-04.6N 
RESULTS OF STP CAST 


DEPTH 


C000 
9001 
Go005 
0010 
0014 
SOLS 
C013 
0020 
0022 
0024 
0028 
9030 
0033 
0035 
0038 
0041 
C043 
S046 
0050 
0053 
0058 
0060 
0064 
ore ae) 
o0OoTS5 
gOo7T 
ccT9 
C082 
0084 
0085 
C087 
C089 
oo9l 
0094 
G190 
0110 
0116 
C122 
ot25 
0133 
0138 
0141 


TEMP 


Bs 3 
15.23 
15.24 
15.06 
14.99 
14.97 
14.8% 
14.92 
14.88 
14.92 
14.73 
14.50 
10.90 
10.70 
09.90 
09.63 
09.59 
09.03 
08.95 
08.70 
08.45 
08.20 
08.05 
07.70 
07.61 
07.56 
07.45 
07.53 
07.44 
07.53 
07-49 
07.55 
07.65 
07.58 
O7T.61 
07.50 
97.38 
07.56 
Diaod 
07.53 
07.20 
07.18 


127-04.0W GMT 00.4 
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DEPTH 


0142 
0144 
0146 
0150 
0153 
0154 
0156 
OL57 
0160 
0162 
0164 
0168 
0175 
Ol77 
0179 
0182 
0187 
9190 
0197 
0200 
020% 
0212 
O222 
0228 
0231 
0240 
0242 
0250 
0262 
0264 
0269 
0272 
0275 
0282 
0296 
0300 
0310 
0325 
0380 
0390 
0395 
0405 


DATE 22/09/71 


TEMP 


07.07 
07.07 
07.13 
07.07 
07.04 
07.01 
07.01 
06.93 
06.86 
06.90 
06.90 
06.78 
06.72 
06.75 
06.73 
06.65 
06.65 
06.55 
06.42 
06.42 
06.41 
06.33 
06.25 
06.23 
06.12 
06.05 
06.00 
05.91 
05.90 
05.284 
05.81 
05.72 
05.68 
05.6% 
05-42 
05.42 
05.30 
05.25 
04.83 
04.92 
05.13 
05.15 


DEPTH 


0430 
0440 
0460 
0470 
0475 
0485 
0495 
0500 
0505 
0510 
0520 
0545 
0550 
0575 
0590 
0600 
0602 
0612 
0620 
0645 
0655 
0680 
0730 
0740 
0770 
0800 
0810 
0820 
0875 
0905 
0920 
0940 
1000 
1020 
1075 
1200 
1310 
1340 
1370 
1400 
1490 


TEMP 


05.02 
05.05 
04.98 
04.79 
04.87 
04.65 
04.60 
04.71 
04.81 
04.72 
04.66 
04.62 
04.63 
04.46 
04.45 
04.50 
04-44% 
04.49 
04-40 
04.40 
04.36 
04.35 
04.17 
04.17 
04-10 
04.00 
03.95 
03.97 
03.80 
03.78 
03-70 
03.69 
03.57 
03.47 
03.30 
03.07 
02.83 
02-81 
02.75 
02.62 
02.49 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-048 


POSITION -48-04.2N 
RESULTS OF STP CAST 


DEPTH 


0009 
oon. 
9004 
0005 
O007 
C008 
0010 
C013 
OO1L5 
0017 
0019 

20 
Q021 
0022 
0024 
0026 
0028 
0030 
0031 
0034 
0036 
C038 
9040 
0041 
0043 
0046 
0050 
C053 
0055 
0058 
0060 
0063 


TEMP 


14.00 
13.93 
14.20 
13.80 
13.74 
13.95 
13.63 
12.75 
12.55 
11.25 
11.17 
11.66 
11.58 
ll.77 
10.94 
10.49 
10.35 
09.87 
09.79 
09.65 
09.55 
08.90 
08.10 
08.00 
08.12 
07.91 
07.72 
07.56 
07.34 
07.28 
07.33 
07.35 


96 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0066 
0068 
0070 
0075 
OOT7 
0084 
0093 
0100 
0102 
0105 
0107 
0109 
0112 
O114 
0116 
0119 
0121 
0122 
0125 
0127 
0129 
0132 
0135 
0140 
0142 
0150 
0152 
0156 
0162 
0166 
0175 
0182 


DATE 22/09/71 


TEMP 


07.50 
07250 
07.54% 
07-45 
07.40 
07.36 
07.23 
07-42 
07.45 
07.38 
07.38 
07.21 
07.23 
O7.21 
07.25 
07.25 
07.36 
O7.27 
OTeze 
O7.17 
07.23 
07.23 
07.19 
07.19 
07.14 
07.10 
07.00 
06.93 
06.92 
06.88 
06.84 
06.79 


DEPTH 


0185 
0188 


TEMP 


06.79 
06.75 
06.72 
06.70 
06.69 
06.70 
06.65 
06.65 
06.52 
06.49 
06.35 
06.27 
06.16 
06.15 
06.01 
05-47 
95.229 
05.17 
05.01 
04.80 
04.67 
04.33 
04.33 
04.01 
03-94% 
03.92 
03.77 
03.265 
03.62 
03.54 
03.46 
03-11 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


71-06-049 


PUSITION 48-03.8N 
RESULTS OFfPSTe CAST 


DEPTH 


cO00 
0004 
0006 
GOO7 
0008 
0010 
0013 
0014 
0015 
0018 
0020 
0022 
0024 


TEMP 


14.22 
14.23 
13.95 
13.40 
13.69 
13.45 
12.05 
11.90 
12.30 
10.73 
10.60 
10.25 
09.95 


126-04.0W GMT 06.4 


38 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0026 
0028 
0030 
0032 
0034 
0038 
0041 
0042 
0044 
0048 
0050 
0051 
0052 


DATE 22/09/71 


TEMP 


09.70 
10.17 
09.88 
09.86 
09.05 
08.65 
08.53 
08.37 
08.28 
07.69 
07.69 
07.69 
07.73 


DEPTH 


0054 
0056 
0060 
0063 

64 
0069 
OOTL 
0075 
0078 
0082 
0085 
0100 


TEMP 


07.43 
Ofves 
07.50 
07.47 
07.43 
07.38 
07.34 
07.28 
07.20 
07.00 
06296 
06.97 


L.6a hr 


PACIFIC OCEANUGRAPHIC GROUP 


REFERENCE NO. 


71=06~050 


POSITION 48-93.3N 
RESULTS OF STP CAST 


DEPTH 


0000 
0002 
0003 
0004 
0006 
0008 
00190 
Coll 
0014 
0016 
9018 
0019 
0020 
0022 
0023 


TEMP 


10.50 
10.33 
10.31 
19.32 
10.28 
10.28 
10.05 
10.03 
10.07 
10.02 
10.02 
10.06 
10.02 
10.03 
09.98 


125-03. 3W GMT 08.0 


44 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0024 
0026 
0028 
0030 
0031 
0033 
0034 
0038 
0040 
0042 
0043 
0046 
0050 
0054 
0055 


DATE 22/09/71 


TEMP 


10.00 
09.82 
09.71 
09.38 
09.31 
09.425 
09.08 
08.72 
08.55 
08.48 
08.39 
08.27 
08.22 
06.22 
08.05 


DEPTH 


TEMP 


07.90 
07.83 
07.70 
07.63 
07247 
O7647 
07.40 
07.25 
07.215 
QO7.07 
06.90 
06.85 
06.80 
06.78 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 
(P-71-6) 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 71- 


DATE/TIME 
YR MO DY GMT 
TAP Se. 1 Poe aie 
te COO Pa | $5 
ae BE. 330 
Obey) 8) (en AS 
fa SB CELL 230 
tle Tbe 20 
v1 B RESTS 
TLS dt e200 
Th 8 8B. 230 
Ce Ws: Ota armies be be 
She Ba (Ee PSO 
UP Be oS. L230 
71) 8, 21520 
UES PAT 2020 
fi 2&2 &@ 2330 
Pee ae OOO 
PA sk Boy GOS 
11 8 93-8 
OL Be 292 b330 
ee Se eS OE 
Ae pa eG 0 
11> BO UY Q 
qh a 12 0 
fi C8 13 0 
71 68 «214 0 
TL -8 25 0 
71 «68 «216 C 
Uc: 0 
ad 8 18 0 
12 eee ey Be 0 
TH, 78> 20 0 
ly Powe 0 
£8! 3 0 
aS iB ZA 6) 
12 8225 0 
AT) B26 0 
CM Dee: Saray 3 0 
LL OS 26 0 
TL 2, 29 0 
Tae 30 0 
TL 5231 0 
Ea 49) al. 0 
oe Pe 0 
fe ee 0 
Ht lo ges ae: 0 
TE OG eS 0 
TSS 36 C 
CN iis: Cae BY: 0 
i 9 8 0 


SALINITY 


0/00 
31.376 
31.2956 
314 9183 
31.939 
31.863 
32.32% 
32-553 
32.481 
32.552 
32.521 
32.5861 
322561 
322618 
32.641 
32.681 
322654 
32.667 
322656 
32.666 
32.655 
32.662 
322664 
32.661 
32.648 
322639 
32.647 
326617 
32625 
322624 
322606 
322623 
32.667 
320637 
32.2653 
32 2664 
32-706 
32 2648 
32.631 
32.2637 
322649 
32.652 
322675 
32.2653 
32.641 
32.637 
32.638 
322654 
32.604 
32.154 


mde 


6 


TEMP 
Cc 
14.3 
16.0 
16.9 
16.9 
16.6 
16.0 
15.5 
15.4 
15.0 
14.6 
15.0 
14.1 
14.4% 
14.0 
14.2 
13.0 
12.8 
12.7 
12.7 
13.0 
267 
12.8 
13.1 
13.4% 
13.2 
3.12 
12.9 
13.5 
13.3 
12.9 
12.4 
11.6 
11.0 
11.3 
11.3 
11.4 
11.4 
11.4 
11.3 
11.5 
11.4 
11.3 
11.3 
11.3 
i134 
11.0 
11.0 
10.6 
10.7 


LONGITUDE 


WEST 
125=33 
126- 0 
126-40 
127-40 
128-40 
129-40 
130-40 
131-40 
132-40 
133-40 
134-40 
135-40 
136-40 
137-40 
138-40 
139-40 


STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 71- 


DATE/TIME 
YR MO DY GMT 
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SALINITY 


0/00 
32.75% 
32.647 
322630 
32.2640 
322667 
32.660 
322633 
322622 
32-65% 
322635 
32.627 
32.661 
322620 
32.646 
32-613 
322638 
32.2606 
322560 
32.568 
32.518 
322484 
32.535 
322532 
32-505 
32.2339 
322375 
30.847 
30.752 
31.103 
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139-40 
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QCEANOGRAPHIC DATA OBTAINED ON CRUISE P-71-7 
(C. 0. D. C. REFERENCE NO. 02-71-007) 
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COMPOSITE PLOTS OF TEMPERATURE, SALINITY 
AND DISSOLVED OXYGEN VS DEPTH 
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Composite plot of oxygen vs logjq depth P-71-7. 
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RESULTS OF BOTTLE CASTS. 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 
(P-71-7) 


= 88 « 


“L£-LL£-d 9Stnuy 
BuLunp (sasnid) qd uolzeys ze pue (sySLuazse) q aul] UO 
suoLzeAuasgo AZLULLeS pue aunzeiaduia} adejuns 40 q0O1d S-L 


O0/0 “ALINI WS 


oo’°¢eEe €9°2e Ge°ee ee’te oS°te e€rt°lte Si Oe ge “OE 
Me ae ae i - TZ “ON *YOD 
* * 
i me a 
me 
2 
me 
a 
- 
Me 
ik 
“x x 
%E 
m 
% 
at 
= we 


o8*2t oe" 11 096 
J “SYNLeYadW3l 


Oh‘ ht 


00°91 


SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 71- 


DATE/TIME 
YR MO DY GMT 
Ter S 16" 2a 
ai, 9 Leese 
1 9 LS S45 
ab 9 18> Vale 
fi 9 18 106 
WW 69 18 1408 
4 9-18 161S 
71 69 «18 1845 
a1 9 18) 2100 
7k 69CTB 2430 
i S99)! 21O 
PE S19 S00 
7i #919 800 
fi 97 TS 1016 
7 = 69 19 1240 
P *9) 79 1930 
ik S29 eras 
TL. 9) 1942030 
tt, St oe7330 
qi? 200) 230 
Tae Oued 0 
Ty 2 Pees 0 
if I ea | 0 
ie | 69°26 0 
10 ee eke 0 
Tig 9°26 9 
Li. 25 0 
135 > 8°28 1) 
tin 9 29 0 
wr § 30 te) 
71 610° «1 9 
(110° (2 0 
TL 107-3 0 
71610 #4 8) 
WA AO <5 0 
71 10. 6 0 
TESLORP SY 0 
7? 10 8 0 
Wm 10) 9 0 
L210 .10 0 
aT 10 ht 0 
ti LOD 0 
i 10 43 0 
71 #10 14 0) 
EL ALOU 0 
TL 10.16 0) 
WESLOLT 0 
71#$10 18 0 
1 107 19 0 


SALINITY 


0/700 
312741 


30.544 


31-2164 
31.998 
322392 
322517 
32-517 
322543 
322484 
32.2531 
32-570 
32-586 
32.648 
32.2650 
322694 
0.0 
322647 
322647 
322649 
322624 
322632 
322656 
322625 
32.627 
32-631 
32.643 
32.636 
322636 
32.637 
32.641 
322646 
322643 
32.2611 
322612 
322624 
322637 
322621 
32.609 
32.593 
322599 
32.598 
322619 
32-588 
32.595 
32-610 
32-591 
32.2586 
32.2601 
32.587 


S089 .- 


7 


TEMP 


onuouwvwuoudnowvnvvwnovuvKvvuvd Ye 
eeeeeeeeeeessee#@¢ @ 


FEMEAHAWEVWARO BD HO® 


LONGITUOE 


WEST 
125-33 
1Z6—- 0 
126-40 
127-40 
128-40 
129-40 
130-40 
131-40 
132-40 
133-40 
134-40 
135-40 
136-40 
137-40 
138-40 


STATION 
STATION 


Stones 


SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
7 


CRUISE REFERENCE NUMBER 71- 


DATE/TIME 
MO DY GMT 
LOT? 0 
10 20 0 
10 21 0 
10 22 0 
10 23 0 
10 24 0 
10 25 0 
10 26 0 
LO. 27 0 
10 28 0 
10.29 0 
10 30 0 
10 31 0 
jal ee | 0 
11 1 1900 
Peek 2h ho 
ll Ll 2350 
ll 2 150 
Eheewe' 415 
bia 2 “600 
bie) 2 61830 
11 2 1053 
Li 2 1540 
il 2 1800 
Ii 2 2000 
Pie 2 2215 
BLiv <3 45 
ll 3 245 
11 3 500 
jE Rd fe fee 
li 3 910 
1D LP ek Sand ow ha 


SALINITY 


0/00 
32.587 
32.590 
322597 
32.597 
322620 
32.617 
32.603 
322€15 
32-617 
322590 
32.2573 
322582 
32-577 
322586 
32.606 
32.2600 
32-587 
32.619 
32.668 
322665 
32.553 
322485 
32-568 
32.474 
32.527 
322505 
32.2485 
322237 
32.320 
32.092 
31.544 
31.878 


TEMP 


oo 
e 


oS oR oY os a ao oe Mos Io <> - oo MY e+) 
WHODWUHONNFP FUND DOSOVSO VY 


pt pm 
© 
®@ 
Vi 


LONGITUDE 


WEST 

STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 


142-40 
141-40 
140-35 
139-40 
138-40 
137-40 
136-40 
135-40 
133-40 
132-40 
131-40 
130-40 
129-41 
128-40 
127-40 
126-40 
126- 0 
125-33 


Ra as 
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Fig. 14 Bottle - STD salinity value difference profiles P-71-8. 
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COMPOSITE PLOTS OF TEMPERATURE, SALINITY 
AND DISSOLVED OXYGEN VS DEPTH 
(P-71-8) 
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fict 885.7% Ofoe See EFS mee 
y e895 Peas Chee A 2 ree | 
Sen- PHVA fase bah ras rest creceone ~ 
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RESULTS OF STD CASTS 
(P-71-8) 


PC) 


Lam 


DB 


Loe 


DM 
Av) 
O1 


PRESSURE 


3007 


3/35 


ay kOe te 


S Femi |. 5, ale aae 
: 3 3 


REF. WNC eee er ae 
J0-0..0 Nes Leo 020 an 


NO5 0 Dean Maaco 


| 8 1 
TEMPERATURE, C 


~~ 109° 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 71I- 8= 1 DATE 2/11/71 
POSITION 50- O.ONy 145- 0.0W GMT 22.0 
RESULTS OF STP CAST 70 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 8-16 32-60 0 25039 25984 0.0 0.0 
10 8.16 32.60 ae Cea 9) 25760 0.26 0-01 
20 8.16 32.260 20 Zee5? 825959 0.52 0.05 
30 8.16 32.60 30 25.39 260.2 0.78 0.12 
50 317 32-60 50 25039 260.5 1.30 0.33 
75 7.67 32.260 15 25.46 254.0 1.95 0.75 
100 4.75 32.87 99 26-04 198.8 2249 1.22 
bere) 4.60 33222 124% 26,33 IL71s2 2.96 1.76 
150 4.43 33.59 149 26-65 141.8 3-34 229 
LTS 426 33.69 174 26.74 133.1 3.268 2.86 
200 4.18 33.174 199 26.79 128.5 4.00 348 
ay’ he) 4.09 33.77 223 20e5e 1259.6 4.32 4.16 
20 3.97 33.79 248 26.86 122.6 4.63 4.91 


SOUND 


1480. 
1481. 
1481. 
1481. 
1481. 
1480. 
1469. 
1469. 
1469. 
1469. 
1469. 
1469. 
1469. 


ETO 


Sgn te) ial larger rere, 
3 : 3 


Ow 


300 


aa) H 
(#3) 

600 
LJ 
na 
Len) 
W) 
YY) 
moo ee MUR Aes 2 
oles 

SO0-0.0 N 145-0.0 W 

re00: MO.-11 DAY-4 GMT-17.3 
ves OC 


S) l 
WeWimelneal Quine, I 


a AGS 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 71- 8- 2 DATE 4/11/71 
POSITION 50- O.ON, 145- 0.OW GMT 17.3 
RESULTS OF STP CAST 93 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
ii ) EN 
0 8.04 32-60 0 poet "25 Td 0.0 0.0 
10 8.04 32.60 10 25-41 258.1 0.26 0.01 
20 8.05 32260 20 25-41 258.3 0.52 0.05 
30 8.04% 32.60 30 25.41 258.4 0.77 0.12 
50 8.05 32.60 50 25641 258.8 Ls29 0.33 
te 8.05 32-60 75 25481 259.2 1.94 0.74% 
190 4.85 32.84 99 26-01 202.1 2-48 1.22 
$25 4.32 33.13 124 26.30 174.8 2.95 1.76 
150 4e21 33-60 149 26.68 138.9 3234 2.30 
OT a 4.25 33.72 174 20s7f 13033 3.68 2.86 
200 4.12 33.76 199 26.81 126.4 4.00 3-47 
225 4.09 33.79 225 26.84% 124.0 4.31 4.15 
250 3.99 33282 248 26.87 120.9 4.62 4.89 
3090 3-85 33-88 298 26.9% 115.4 ae2i 6.55 
400 Se 1T 34.03 397 27.06 104.2 6.31 10.46 
5G0 39959 34.11 496 27.14 97.0 7.31 15.07 
600 3244 34.17 595 ele2t 91.8 8.26 20.35 
800 3213 34229 193 27-33 80.9 9.98 32256 
1000 2385 34.37 990 27.42 (363 Liwp2 46.67 
1200 2.58 34244 1188 27.50 6652 l2@so2 62.31 


1500 2231 34.52 1484 27.59 58.9 14.80 88.10 


S OUND 


1480. 
1480. 
1480. 
1480. 
1481. 
1481. 
1469. 
1468. 
1468. 
1469. 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1478. 
1480. 
1484. 


30GB 


CO 
C 
=) 


Php OURE 


12004 


ATRL 2: = 


Nol Tiel, ~e AQ) 
gail l Id : 


REF .NNO. 97 14-86.-e3 


90-0.0 N 145-0.0 W 


MO.=1 InDATSBGGNI-)925 


| S l 
TeMPARATIBRE, eC 


re lal Si 


PACIFIC OCEANOGRAPHIC GROUP 


RERERENZE NUaw Tl 8a 3 DALE, « 8ALb/ 11 
POSITICN 50- O.ONy 145- 9.0W GMT 19.55 
RESULTS OF STP CAST 83 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
8) 7262 32-62 0 25249 250.5 0.0 0.0 
10 1.62 32.62 10 22649 . 25029 0.25 0.01 
20 7.62 32262 20 29049, 2516.0 0-50 0.05 
30 T. 62 es Wd 30 25-47 (251.2 0.75 Getke 
50 ta Se 32-62 50 25049. 251.5 1.26 0.32 
i lee 32262 15 256 ke Lad 1.88 Osa 
109 4.57 32290 99 26.08 194.7 2243 1.20 
129 4.32 33.36 124 26.48 157.7 VAY NT | er {| 
150 4.17 33268 149 2Onh4 A 3Ze5 3-23 Jeg gre 
175 4214 33.73 174 26519) 255,60 3.56 Vara ie) 
290 4.04 33.77 199 26.83 124.8 3.88 3236 
222 3-97 33.81 Sagat 26-87 121.3 4.18 4.02 
250 3. Be 33.8% 248 FeAl 9 eS 1G) Rea Ap Ns EP A 4.48 4.175 
300 3.87 33589 298 262-94 114.29 5.07 6238 
490 3.73 34.01 a9, 21605, 10562 6.17 10.31 
500 3.57 34.12. 496 al BAN 9 Ove 7.17 14.91 
600 3-40 34.19 595 27.23 89.8 8.10 20.210 
890 3-10 34.39 7193 27.34 19.9 9.80 32614 
1000 2-82 34.37 990 27242 Coes, tl Vaaee 46.07 
1200 2.57 34-45 1188 21.51 65.4 i12e70 61.56 


1590 2.28 394.9 1484 27.59 58.5 14.56 87.04 


SOUND 


1478. 
1479. 
1479. 
1479. 
1479. 
1468. 
1468. 
1468. 
1469. 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


BhES 


300 


DB 


600; 


CO 
Se, 
C 


PRESS URS 


1200: 


e 


Te = 


Sime d NoI Take, 2° AG 
3 3 


HEP. ND. 71 “16 = fo 


90-0.0 N 145-0.0 W 


MO.-11 DAYT-10 GMT-21.0 


; B 
TEMPERATURE, C 


16 


- 115 - 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 71- 8- 4 DATE 10/11/71 

POSITION 50- O.ONy, 145- 0.0w GMT 21.0 

RESULTS OF STP CAST 102 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

fe) 7.50 32.6% 6) 25252 247.4 0.0 0.0 

10 taD 1 32.63 10 Zool 21248, 7 0.25 0.01 
20 Tt 52 32263 20 25-51 248.9 0.50 0.05 
30 7.52 32.63 30 25251 249.1 0.75 Gell 
50 7.52 32.63 50 25-51 249.24 1.24 0.32 
15 7.50 32.62 15 25.50 250.1 1.37 O.71 
100 4.174 32.90 99 26.07 196.4 2242 1.20 
125 4.46 33-11 124 26.26 178.0 2-88 1.73 
150 4.47 33248 149 26455 | 150.5 329 2.30 
15 4-38 33.69 174% 2003 1134.1 3264 2.88 
200 4.31 Saat D 199 26013 1 B29%.3 3-97 3-51 
pe 5 4212 33.80 223 26.85 123.4 4.28 4.20 
250 4.09 33.8% 248 26.88 120.5 4.59 4.93 
300 3-98 33-90 298 26494 | DLS. 2 5.18 6.59 
400 $3.19 34.02 a7 Zeta) “hOS. 1 6228 10.52 
500 3-62 34e11 496 27.14 97.4 7.30 15.15 
600 3.42 34.19 595 27.22 90.0 8.23 20.38 
800 oh 4 34.31 {33 21235 19.04% 9.93 32245 
1000 2.87 34.37 990 27242 eS) Lbess 46243 
1200 2.63 34244 1188 27.50 66.8 12.85 62.07 
1500 2055 34.52 1484 27.59 296145 24.73 87.87 


SOUND 


1478. 
1478. 
1478. 
1478. 
1479. 
1479. 
1469. 
1468. 
1469. 
1470. 
1470. 
1469. 
1470. 
1470. 
1471. 
1472. 
1473. 
1475. 
1478. 
1480. 
1484. 


COOw 


75 


DB 


io 


PREGOUiiG, 


3004 


- 116 - 


Nal Dre Ch 
gap! 4 : 


Ber. NO. 2iaee te 
eO-0.0 N isco. ou 


Pe) DOs SG Mi iy ad 


| | 8 | 
TEMPERATURE, C 


- 117 = 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NU Vis B- 2.6 DATE 13/11/71 
POSITION 50- O.ONy, 145- 0.OW GMT 17.3 
RESULTS OF STP CAST 64 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
VF D EN 
0 7.50 32263 0 Bie al Z2Ab.2 0.0 0.0 
10 7.50 32263 10 Cie Dh. .24B~ T. 0.25 0.91 
29 tsa k 32.63 20 25-51 249.0 Ore Si) 0.05 
30 Loree i 32262 30 2:0 2D. 24903 0.75 Ove Vl 
50 1g Duk 32.62 50 fis 20, 2D De 0 1.25 0.32 
tS te a 32262 15 dais 20. 250s 4 1.87 0.72 
1J0 4.259 326 94) 99 26-08 194.9 2643 Le21 
Neat 4.22 33.39 124 26.51 154.4 2-88 lie TZ 
150 4.16 33-68 149 26274 132.6 3223 Lie Be 
ed ie 4.15 33.7% 174 2he 19. Leda S 3256 2.76 
200 4.06 33.78 199 26-84 124.3 3.87 3.36 
Vs abe 30 97 33.81 Fae Che Ol,  L2idles 1 4.18 4.02 
250 3.90 33.84 248 26.90 118.5 4.48 4.175 
300 3.87 33.91 298 20096. 11353 5.06 6.37 


SOUND 


1478. 
1478. 
1478. 
1478. 
1479. 
1479. 
1468. 
1468. 
1468. 
1469. 
1469. 
1469. 
1469. 
1470. 


300 


DB 


6004 


CO 
2, 
© 


PRESOURE 


12004 


a 


= 1S. = 


Sr rliked Nalaleat 20h 
3 


ites: NOs 51 case ce, 


Bee. N Choa 


(SAR Na Ma BY 2 OR) bP 6 wed Fo Mok 


co B I 
TEMPERATURE, C 


- 119-- 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 11-8) Uf DATE 17/11/71 

POSITION 50- O.ONyr 145- 0.0W GMT 17.3 

RESULTS OF STP CAST 117 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

0 7.36 32.63 ) 25.53 246.3 0.0 0.0 

10 Te 36 32.63 10 25253 246.9 0.25 0.01 
20 7.36 32262 20 25-53 247e2 0.49 0.05 
30 7.36 32.62 30 CDi wee ole 5 0.7% 0.11 
50 7.36 32-62 50 25-52 248.0 1.24 0.32 
15 7236 32262 15 Ze tee 2A Bie 3 1.86 0.71 
100 4.79 32.70 99 25.90 212.0 2-47 1.25 
12s 4.18 33.14 124 20542). ble. 9 269 1.80 
150 4.33 33.63 149 26.69 138.1 3-33 2234 
175 4.245 33-72 174 26.75 132.6 3.67 2-90 
200 4.33 33.75 199 26.78 129.3 4-00 3252 
225 4.07 33.77 223 26.83 125.3 4.31 4.21 
250 4.02 33.81 248 26.86 121.9 4.62 4.96 
300 4.00 33-88 298 26-92 117.0 5222 6.62 
400 3.83 34.200 397 27.03 107.0 634 10.61 
500 3-68 34.09 496 27-12 99.5 Koo 15.34 
6900 3-47 34.17 595 27.20 92.1 8.33 20.71 
800 3214 34.29 793 27.33 81-0 10.06 33.00 
1000 2.85 34.236 990 27.41 742-0 11-60 47.16 
1200 2062 34.4%4 1188 27.50 66.0% 13604 62.92 
1500 2-32 34.51 1484 27.58 59.7 14.290 88.82 


SOUND 


1477. 
1478. 
1478. 
1478. 
1478. 
1479. 
1469. 
1467. 
1469. 
1470. 
1470. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


Gc 


300- 


DB 


Solon 


CO 
=) 
a, 


PRESSURE, 


1200; 


Nib D9 -GiAG 
gpitl 4 : 


REEL  NOGWs 7 Te- ee" @ 


90-0.0 N 145-0.0 W 


MOv-TE OR T+ TSCM 2% 23 


ae B 
TEMPERATURE, C 


16 


- 12] - 


PACIFIC UGCEANOGRAPHIC GROUP 

REFERENCE (NOs Giri8-— 459 DATE 19/11/71 

POSITION 50- O.ONe 145- 0.0W GMT-.21-03 

Resour s OF STP) GAST 108 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 

8) 7239 32262 0 25-52 247.4% 0.0 0.0 1477. 

10 Lega 32-62 10 25-52 247.8 0.25 O-Ol1 1478. 
20 7.39 32-62 20 25.52 247.9 0.50 0.05 1478. 
30 eta 32-62 30 25252 248.1 0.74 O-ll 1478. 
50 isd 32262 50 25252 248.2% 1.24% Oes2 1408). 
ifs) 7.39 32.262 75 Coewe 248.7 1.86 O.71 1479. 
100 4.41 32.082 99 26.04 199.0 2244 1.23 1467. 
125 4.08 33.12 124 26.31 173.5 2 aF1 1-76 1467. 
150 4.20 33.61 149 26.69 138.1 3230 2-30 1468. 
175 4 36 33.173 174 26-77 130.5 3-63 2-86 1470. 
200 4.23 33.77 199 26.81 126.8 re) 3-47 1469. 
225 3-91 33.77 223 26e85 123 03 4.27 42-15 1468. 
250 4.05 33.85 248 26e89 311965 4.57 4.89 1470. 
300 3399 33.91 298 26.95 114.6 516 Ge5o Het O. 
490 3.76 34.03 397 27.06 104.2 6226 10.44 1471. 
500 3-58 34.11 496 21415 96.9 7.26 13.02 y ie 2 
600 3245 34.19 595 27222 90.3 6.19 20-26 1473. 
B00 3-12 34.30 793 27.3% 80.1 9-90 32.38 1475. 
1000 2.85 34.37 990 27.42 Wes, Lli.43 46.37 1478. 
1200 2-62 34245 1188 27.50 6650) 12.82 61.94 1480. 


15V0 2.3% 34.252 1484 27.58 5964 14.69 87.58 1484. 


CD 


ae 


DB 


PARDO thes 


300- 
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U1 


“122s = 


ALIN Toone BA 
32 ‘ fe: 5 


REF. NO. 71 - 8 - 10 
bO-0.0 N 145-0.0 W 


HO.-+1108Atse2CEMis0, § 


ae 
TEMPERATURE, C 


eo l23. = 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 71— 8= 10 DATE 22/11/71 
POSITION 50- O.ONy 145- 0.0W GMT 0.3 
RESMLLS..OF STPSCAST 99 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 Leet 32-64% 0 252-55 244.4% 0-0 0.0 
10 Urea 32.6% 10 25.55 244.8 0.24 0.01 
20 7.27 32-64% 20 252.55 244.9 0.49 0.05 
30 72.27 32.6% 30 25255 245.1 0.73 0.11 
50 7228 32.6% 50 252-55 245.4 1.22 Ossl 
15 7228 32.6% ie: 25.55 245.8 1.84 0.70 
100 4.55 32.82 99 26.02 200.5 2042 bere 
Lao 4.10 33.28 124% 26.43 161.6 2.87 1.74 
150 4.42 33.61 149 26.66 140.3 3225 2226 
LES 4.47 33.70 174 26.73 134.1 3.59 2.83 
200 4.61 33.78 199 26.78 130.0 3292 3-46 
YA is 4244 33.80 223 26.81 126.9 4.24% 4.16 
250 4.08 33.80 248 26.89 123.3 4.56 4.91 
300 3.95 33.88 298 26.93 116.5 5.16 6.59 


SOUND 


1477. 
1477. 
1477. 
1478. 
1478. 
1478. 
1468. 
1467. 
1469. 
1470. 
1471. 
1471. 
1470. 
1470. 


Ow 


£5124 73 


AULT, Noi GS C7 te 
,SaLINy. 0709 


REEG. NOW. 7 it" Gaiam ia 
50-0.0 N 145-0.0 W 


MO -11) DA -272 GN rig. 5 


a: ] 
TEMPERATURE, C 


Gi 


= i120 "= 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NOw 71- 8- 11 DATE 27/11/71 

POSITION 50- O.ONy 145- 0.0W GMT 19.5 

RESULTS OF STP CAST 110 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

0) 7.06 32.64% 0 29658; | 241'7 0.0 0.0 

10 7.06 32.6% 10 Zw? 24201 0.24 0.01 
20 7.06 326% 20 25-58 242.2 0.48 0.05 
30 1.06 32.6% 30 25.58 242.3 0.73 O11 
50 7.06 32.6% 50 25.583 242.6 Lw2l 0.31 
ics 7.06 32-26% 75 25.58 242.9 LeSinWi  OCTS 
100 4.86 32.91 99 26.06 197.0 2.38 1.20 
125 4.41 33239 124 26249 156.4% 2.83 1.71 
150 4249 33.65 149 26.69 138.0 re be, Zee2 
175 4.46 33.75 174 26a777 4130.4 3-03 2.77 
200 4-36 33.78 199 26580M 127453 3285 3.38 
ees 4.18 33.81 223 264,854 > 12355 4.216 4.06 
250 4214 33.84 248 26.87 120.9 4.47 4.80 
300 4.00 33.89 298 265930 /11642 5.06 6.47 
400 3.84 34.00 39% laa LOTS 6.18 10.43 
500 3265 34.11 496 27-14 9129 7220 Loe 10 
600 3-50 34.18 295 27.21 91.7 8.15 20-41 
800 Sal2 34-30 193 27.3% 80.1 9.87 32665 
1000 2.83 34.37 990 27242 1340 1.40 46.70 
1200 2261 34244 1188 27.50 66-6 12.80 62.28 
1500 2-32 34.52 1484 21e39 299.0 14.67 88.02 


SOUND 


1476. 
1476. 
1477. 
1477. 
1477. 
1477. 
1469. 
1468. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


Lae 


DB 


150: 


M 
NM 
Ol 


Fa pregoee; oF nce 


300+ 


Si26 = 


NITY, 0/0 
3 SALINIT, g 


AE NO! 71)" ee 12 
$0-0.0 N 145-0.0 W | 


fuer 11 DATS SU Ont 


I 8 
TEMPERATURE, C 


PDs 5 ie 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. Fle 8-12 DATE 30/11/71 
POSITION 50- O.ONy 145- 0.O0W GMT 17.7 
RESULTS OF STP CAST 77 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T 9) EN 
0 6.85 32.66 ¢) £og0e. 2sleo 0.0 0.0 
10 6-85 32.66 10 29262 238% 0 0.24 0.01 
20 5.85 32.266 20 Z22e0e 23952 0-48 0.05 
30 6.85 32.66 39 25¥e62° 238% Onetl O.11l 
50 6-86 32.65 50 2oeOe co ee 1.19 0.30 
75 6.86 32.65 pe, Zan OL 239.6 ie be 0.69 
190 6.385 £ Wade She eee) Caw cos SD 2239 Le22 
liz> 426 33.08 124% goeco” PTB uIZ Mes oe bentid 
150 4.50 33-63 149 20,07 139.6 3-28 223% 
Lf 4.58 Be Wo 04 174 Coe | Laat 3.62 Zeal 
200 4248 33.77 ee he) Eon te Le oe 3295 3-53 
eee 4.25 CNW AS) a Mi ~oene. | Ved st 4.27 4.23 
2590 4.24% 33.2% 248 Zeeno 12250 4.58 4.98 
300 4el1l 33-89 298 20092. PET. 5.18 6.65 


SOUND 


LS. 
1476. 
1476. 
1476. 
1476. 
1477. 
1477. 
1467. 
1470. 
1470. 
1470. 
1470. 
147U. 
1471. 


mee 


AlebNelel yy 0770 
SEwEnE: 3 


or 
7 
3004 
a 
600; 
tT 
U0 
Pe 
ze 
W900 | Bev O a7) “ue was 
QO_ 
SO0-0.0 N 145-0.0 W 
Bee MO.-12 DAY-2 GMT-15.7 
1500+ 


TEMPERATURE, -C 


+ 129 - 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 7l- 8= 13 VATE 2/12/4061 

POSITION 50- 0O.ONy 145- 0.0W GMT 15.7 

ak a RS RIRT a | Silas fo OF 118 PUINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T 9) EN 

0) 6.74 32.66 0 Gae0%, ZIGe 1 0.0 0.0 

10 6.74 32.66 10 25-64% 236.4 0.2% 0.01 
20 6.74% 32266 20 25464 23626 0.47 0.05 
30 6.74 32.66 30 e200 236.1 ORS 0.11 
50 6.74 32266 50 25-64 237.0 1.18 0.30 
TS 627% 32.66 15 24eOR 23123 1.78 0.68 
100 6.74 32-66 99 25264 23726 2037 1.21 
| Wa 4.55 Efe Wea e 124 26.32 172.4 2.85 1.76 
150 4.61 33.66 149 26.68 138.6 32% 230 
Py Be 4-64 33-75 174 Zoe Ga ‘Lage t EW W 2.285 
200 4.52 ae 18 ua Coe io. Le ded 3.90 3248 
Geo 4.47 33-83 aes oes 12520 4.22. 4.16 
204 4.32 33.86 248 26.87 121.4% 4.52 4.91 
300 4%e15 33-90 298 ZtyedZ, Lihe ake, 6.58 
400 3.91 34.02 397 27.04 106.4% 6.224 10.57 
500 3-68 34-12 496 27214 97-2 Lez os yg | 
600 3.50 34.19 595 Gulgs Lue. 9160 8.20 20.48 
800 3214 34.31 “a3 27.235 71926 9.89 = eo ie | 
1900 282 34.39 999 27.44 T1e4 11.40 46234 
1209 2.60 34.46 1188 27.51 Goel L2eut 61.66 
1500 Lec 34252 1484 Vl oe Xe 59.0 14.63 87.16 


SOUND 


1475. 
1475. 
1475. 
1475. 
1476. 
1476. 
1477. 
1469. 
1470. 
1471. 
1471. 
L471. 
1471. 
1471. 
1472. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


SUCH 


DB 


6004 


CO 
© 
C 


PRESSURE, 


12004 


= 130 - 


STEN, PU so 
3 : S. 5 


fore NO. 7 Leone 


90-0.0 N 145-0.0 W 


Meme Le. OR oe, OMe der 


| 8 | 
TEMPERATURE, C 


16 


= Val = 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 71- 8 15 DATE 4/12/71 

POSITION 50- O.ONy 145- U.OW GAL lal «2 

RESULT S.OFD ST .e2..C.ASZ, 121 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

0 6274 32263 0 25-61 238.4% 0.0 0.0 

10 6.72 32263 10 areahc Sed Bac 0.24% 0-01 
20 6.72 32.5% 20 Zo ade chil OB 0.48 0.05 
30 6670 32265 30 E2063 23.%el 9.71 0.11 
50 6.69 322656 50 25-64 236.4 1.19 0.30 
15 6.69 32.66 15 25064 23667 1.78 0.68 
100 4.172 ie sk 99 26-08 195.5 2.33 Vey 
125 4.85 33029 124 26.37 168.3 2.78 1.69 
150 4.60 33.63 149 26.66 140.6 3-17 2022 
Oy ie 4.62 33612 174 26-73 134.4 3251 2.79 
200 4252 33.77 199 25.0(8B 29.5 3.84% 3.42 
(eas) 446 33-81 A235 26-82 12664 4.16 4-11 
250 4.34 33.84 248 26-85 123.0 441 4.87 
309 4.17 33290 298 26e¢92 jhe 5.07 6.55 
400 3.2 342901 397 leO3 LOT 62 6220 10.57 
500 D a f3 34.19 496 27-12 IF «3 Vea L629 
600 3.5% 34.17 295 gut nn) 92.8 8.19 20.65 
8090 3-17 34229 793 2133 81.1 yao L 32.91 
1000 2-86 34.37 9990 27.42 1364 A146 47.06 
1200 26:62 34245 1188 27.50 66.0 12.85 62.63 
1500 2052 34.53 1484 27.299 58.3 14.71 88.07 


SOUND 


1475. 
1475. 
1475. 
1475. 
1476. 
1476. 
1469. 
1470. 
1470. 
1471. 
1471. 
1471. 
1471. 
1471. 
1472. 
1473. 
1474. 
1475. 
1478. 
1480. 
1484. 


Ow 


30Us 


DB 


5004 


PR ooo nes 


12004 


= 132.6 


LNG] aT 2 TZ) 
gpl : 


3 


REP ANOS SAT e=e5 eo eub 


U9-4U9.0 N 14e-40.0 W 


M0.-12e sDAT=5 (GMI ahd 7 


L G l 
TEMPERS ECE 4. Ft. 


16 


e TSS = 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. T1- B- 16 DATE 5/12/71 

POSITION 49-49.0N, 142-40.0W GAT 19.7 

RESULTS OF-STP CAST 105 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
ui D EN 

9 7.03 32.63 O C20! ea2 wl 0.0 0.0 

LO tS 32263 10 25.57 242.4 0.24% 0.01 
20 7.03 32263 20 25-57 242.6 0.48 0.05 
30 7.03 32-63 30 Lreiol hie ask O. 73 0.11 
50 7.03 32263 5G 25.57 243.0 1.21 Oso 
’ fs) 6-98 32-64% 15 252-59 241.8 1.82 0.70 
190 5-36 32.93 39 26.02 201.2 2-38 1.20 
125 5-61 33032 124 26645 160.2 2.8% Lis Tz 
150 5-48 33-76 149 26.66 141.0 3e21 2024 
175 5220 33-78 174 26.71 136.4 3.56 2.81 
200 4.90 83049 199 Cte iL-De.5 3.89 3245 
£20 4.71 33.81 p28 Det? A942 4&e22 4.16 
250 4.63 33.63 248 26504" Azd.Z 4.54 4.93 
300 429 33-86 298 2O00d 221.5 5-16 6.68 
400 396 CC | 397 27.00 110.7 6.232 10.79 
500 Seite 34.07 496 eve1D 101.4 7-38 15.62 
6090 3.54 34.16 5965 27.19 93.6 8.35 21.07 
800 3221 34.29 793 27.32 81.3 10.10 33.51 
10900 2691 34.37 99.0 27.42 43.5:9 1ie6o 47.72 
1200 2267 34.45 1188 27.50 66-5 13.06 63-40 
15900 2235 3H edz 1484 27.58 5963 14593 89.19 


SOUND 


1476. 
1476. 
1476. 
1477. 
Lat. 
1477. 
1471. 
1474. 
1474. 
1473. 
1472. 
Lz « 
1472. 
1471. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


how 


DB 


600; 


CO 
=) 
—) 


PRESSURES 


1200: 


1500- 


cae 


Pea alt 
gpilINid : 


REF. (NO, 7 = 8 -— ity 


4Y9-41.0 N 140-40.0 W 


MO.-12 DAY—6 GMT-5:3 


8 l 
TEMPERATURE, € 


16 


= «135 = 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NU. Tl— 8- 17 DIA Ti | O/ L224, C1 
POSITION 49-41.0Ny 140-40.0WwW OMe 5 «3 
RESUCTS OF SIPYCAST 99 POINTS TAKEN FROM ANALOG TRACE 
PRESo TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T J EN 
v) 7.07 aee02 ) 230,90) 2429.3 0.0 0.0 
10 7.07 32.62 19 Cae OS 25 ot 0.24% 0.01 
20 7.08 32262 20 22200. 24265 0.49 0.05 
30 7.98 b PAM Od 30 25456 . 244.1 0.73 Ose 
50 7.09 322652 50 25256 244.4 Lieeiz 0.31 
Khe 7.01 S200 3 15 eG 24S ol 1. 83 0.70 
100 ne wey 32.84 99 26204., 19367 2235 1.17 
ra 4245 33.19 124 Cec 1 Lb en1 2-83 1.71 
ro0 4.50 33262 149 26.66 140.3 5422 Zane 
NA ee 4.53 Be ee Ge’ 174 26616 13 deer3 3-256 2-81 
200 4.32 SS Go 139 26281. 126.9 3.88 3243 
ae ses | 4.13 3321/9 223 2G60 Sey 12500 419 ma | 
Fede Ne 3 If 330 2 248 Zw IOs LEB 4.50 4.85 
300 4.03 b Me ete 4 298 2Ogto., 11463 5.08 6.47 
4)0 Sok 34.05 eh AA cteO6, LOZ dl 5.16 10.31 
500 3262 34-11 496 27.14 972% 7.16 14.88 
600 3245 3Gn19 a95 ag er ae: 9065 8.10 20.13 
800 3214 3430 193 Z teens & 80.3 9.61 326530 
109090 2.87 34.39 990 27.43 T2eV) 4 Theis 3 46.19 
1200 2.61 34246 i188 2 towed 6Sed 7 lewe? 61.47 
1500 | peo a | 34.54 1434 27.60 Ott « 14ied2 86.58 


SOUND 


1476. 
1476. 
1477. 
1477. 
14i7. 
1477. 
1468. 
1468. 
1470. 
1470. 
1470. 
1470. 
1469. 
1470. 
1471. 
1472. 
1473. 
1475. 
1478. 
1480. 
1484. 


Ow 


300 


DB 


6004 


CO 
© 
C 


PRESSURE. 


Levu 


= 136, = 


[NATTY OA 
SALINITY. 0/05 


REF. NOS Wi = = as 


U9-34.0 N 1386-40.0 W 


Mo.-le DAT-@ GAI-13S5 


8 l 
TEMPERATURE, C 


PAGLFIC OCEANOGRAPHIC GROUP 


RETERENCE NO.) Ti- (8-) 15 DATE. 6712771 
POSITION 49-34.0Ny, 138-40.0W GMT 11.5 
RESULTS OF STP CAST 98 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 Sed 32264 0) 25-51 248.6 9.0 0.9 
10 7.61 32.64 10 Oa Nar oee Ve25 0.U1 
20 7.61 32.6% 20 252-50 24964 0.50 0.05 
30 T7261 32-26% 30 25290. 249% 5 OG 75 O.ll 
59 7.61 32-64% 5U 252-50 249.8 MS 2o Oso 
15 71.47 32.65 (ge) coe <4) 62 te o0 0.72 
100 eee | 32.86 99 ‘abn Sy he Ny GM @ he Eo: 2-41 1.19 
1D) 5.28 33.19 124 26.24% 180.8 2.89 Bal fe) 
150 ere y4 33263 149 Zoe D0 ASOT 3.30 Fae Wl 
17> 5-11 33.74 174 20209 135%3 3.65 2.90 
200 4.86 pe ya he 199 COe > Loe 20 ae 99 etry) 
225 4.69 33.80 229 26.738 129.26 4.32 4.26 
250 4.51 33.82 248 26.82 126.1 4264 2603 
300 4.25 33.88 296 Zen? 119.6 5.25 6.75 
400 ap 33.98 chem Ciel . FUT. 3 5-40 10.84 
500 wel 34.09 496 Dieks Let 1.45 j Be Ap « Ye 
600 3254 34.216 obi he Ze? 93.6 8.42 21.05 
809 3-21 34.228 £35 27232 Beer | 10a 33.56 
1000 2.90 34.33 oo) 2le42 J3e0. "ego 47.78 
1200 2-65 34.45 1188 27.50 66.35. 1235713 63-40 
1500 cece 34.53 1484 Tal eM e 538.3 14298 88.78 


SOUND 


1478. 
1479. 
1479. 
1479. 
1479. 
1479. 
T401% 
1472. 
1473. 
1473. 
1472. 
1472. 
1471. 
1471. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


= 133° = 


Se TENd Jy , 61 7-8 
oF aurea. 


3 


LU) 


300 
Ge) 
600+ 
lW 
o- 
ae 
cp) 
cp) 
WIIO0 Rep a NG. 71 = @ = qe 
QO_ 
U9-26.0N 136-40.0 W 
12007 MO.-12 DAY-6 GMT-18.8 
1500- 


| 
TEMPERATURE,» 6 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


1” Se 


POSITION 49-26.0N, 
RESULT SOF STP CAST 


PRESS TEMP 


O 8.00 

10 6.00 
20 8.00 
30 8.U0 
50 8.00 
715 6.99 
199 5.83 
125 5.12 
150 5 he 
I75 ope be) 
200 4.90 
229 4.67 
250 4.48 
309 4.27 
490 3.96 
500 327% 
600 3.265 
890 3-30 
1609 297 
1200 2.0 6 
1500 232 


SAL 


32-64% 
32264 
32264 
32264 
32264 
32.71 
32.87 
33205 
33.60 
33.73 
33.276 
33.78 
33.80 
33.485 
33.97 
34.07 
34.17 
34.31 
34.39 
34246 
34.53 


19 


eNO s 


DELTA 
) 
0.0 
0.0 2D 
0.51 
0.76 
1.27 
1.91 
2045 
2.95 
3237 
3043 
4.08 
4.41 
4.73 
S209 
6.52 
7.58 
8.55 
10.31 

11.85 
13.23 

15.09 


POT. 
EN 
0.0 
0.01 
OOS 
Geaz2 
0-32 
0. 73 
Les 2k 
1.79 
25 
2057 
3263 
4.35 
Does 
6.86 
11.01 
15.86 
21.31 
33.79 
47.91 
63.38 
88.88 


OTE “6/1274 
136-40.0W GMT 18.8 
95 POINTS TAKEN FROM ANALOG TRACE 
DEPTH SIGMA SVA 
T 
9) 25645) 254.2 
10 LoetD 25466 
20 25445 254.8 
30 2008S 25469 
50 25245 2755%2 
15 252-65 236.4% 
99 252.94 208.9 
124 26.14 189.5 
149 26-54% 152.0 
174 26,64¥ 139.7 
199 26-73 134.7 
223 26.77 130.8 
248 26.8) 427.5 
298 26.87 122.9 
397 e'eOO 110,71 
496 2telD 101.6 
a9 27.049 94.0 
193 27.33 81.2 
9990 27243 73.20 
1188 27.51 65.8 
1484 Ziood 58.3 


SOUND 


1480. 
1480. 
1480. 
1486. 
1481. 
1477. 
1471. 
1471. 
1473. 
1473. 
1472. 
1472. 
1471. 
1471. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


Bs ig 
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DB 


600 


CO 
OC 
©) 


Bapregey on Cin ic 


12001 


S 


- 140 .- 


Oi dg ING [ow] O82 oA) 
4 3 


ao ee | a « dB 
49-17.0 N 134-40.0 W 


MO.-le DAY-7 GMT-1.7 


S) l 
Hee MER eh ERE 4. lL 


- 141 - 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 7I= B=; 20 DATE 7/12/71 

POSITION 49-17.0N, 134-40.0W GMT 1.7 

RESULTS: OF ST PSCAST 119 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 8.34 32.60 ) P5537 Zb169 0.0 0.0 
10 8.34 32.60 10 25.37 262.3 0.26 OSL 
20 Be 34 32.60 20 25.37 262.5 0.52 0.05 
30 8. 34 32.61 30 25.37 2605-9 0.79 Oe2 
50 8. 34 32.61 50 25439 262%2 123 0.33 
75 6.38 32.83 75 20282" 22022 1.92 O42 
100 5.69 32.87 99 25.93 209.3 2045 120 
125 ei i § 33.13 124 26.13 191.0 2.96 LeerT 
150 5.66 33.58 149 262.50 15644 3-40 2.39 
Ves 5.50 33.70 174 26-61 145.8 3577 3.01 
200 5.18 33.77 199 26370 13751 4.13 3.68 
225 4.91 33.80 223 26.76 132.1 4.46 4.41 
250 4.76 33.81 248 26.78 130.0 4.79 5.20 
300 4. 38 33-86 298 26907 12234 5.42 6597 
400 3.95 33.97 397 27200? 12035 6.59 LIGA 
500 3.80 34.07 496 27209" 102.3 7.65 15.97 
690 3.64 34.15 595 27,47 95.4 8.64 21251 
800 3.38 34.29 793 27.31 8365 10.42 34.20 
1900 3.01 34.38 990 27.41 74.3 11.99 48.58 
1200 2.74 34.46 1188 27.50 66.5 13-41 64.41 
1500 2.36 34.53 1484 27.59 58.8 15.30 90.39 


SOUND 


1481. 
1481. 
1481. 
1482. 
1482. 
1475. 
1473. 
1474. 
1474. 
1474. 
1473. 
1473. 
1473. 
1472. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 


et O18 


DB 


6007 


CO 
C) 
C 


Peo ies, 


12007 


i ae 


LINIJY, 0/0 
Soca Magee 
2a 


Ret NOR ee ot 


U9-10.0 N 132-40.0 W 


MO. -le OR 7 Gnas 


G l 
Moet Evenings 
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PACIFIC OCEANOGRAPHIC SROUP 

REFERENCE NO. 71- B- 21 DATE 7/12/71 

POSITION 49-10.0Ny 132-40.0wW GMT 7.9 

RESULTS” OFTSTP” CAST 107 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

0 8.47 32 al 0 29425 426065 0.0 0.0 
10 8.43 We 7 10 L262 2b eS 0.27 0.01 
20 8.43 32-52 20 254-29 269.6 0.54 0.05 
30 8.43 326952 50 22609 26968 0.81 0.12 
50 8.43 32252 50 C029 BIOs i 1.35 0.34% 
TS 6.54 32.75 15 2503 228 0) 2.00 0.75 
100 5294 32.84 wed 25-88 214.3 2-55 1.24 
125 5-80 33220 124 20010 186.11 3-05 1.82 
150 Deny 33245 149 26-39 166.6 349 2244 
i fe) 5260 33.66 174 26.57 149.6 3.89 3.09 
200 Dest 33.76 199 26.67 140.0 4225 3.78 
Ze 5e11 33.80 223 262.74 134.4 4.59 4252 
250 4.85 33.82 248 26.78 130.1 4.92 5.32 
300 4.52 33.37 298 26.86 123.3 5256 72-10 
400 4.09 33.97 sof 26.98 112.0 6.74 11.31 
500 3-95 34.07 496 ehe08 TOS. 7 7.81 16.24 
600 3.78 34.18 395 27.18 94.7 8.80 21.78 
800 3-43 34.231 7193 TN WAG Ws 82.7 10.56 34-28 
1000 3-11 34.38 990 27.41 75.3 12.14 48.69 
1200 2.77 34.45 1188 27.49 67.6 13.57 64.73 


1500 2-37 34.53 148% 27.59 58.8 15.46 90.58 


SOUND 


1481. 
1482. 
1482. 
1482. 
1482. 
1475. 
1474. 
1474. 
1474. 
1475. 
1474. 
1474. 
1473. 
1472. 
1472. 
1474. 
1475. 
1477. 
1479. 
1481. 
1484. 


CO 
=) 
© 


PRES Owies 


1200; 


1500+ 


= 442 


3 ASIAN TT Tifess sae 
3 : 3 


REF. eNO. 741 .- 68 — gee 


4W9-2.0 N 130-40.0 W 


MO.-1e DAY-7 GMT-14.5 


8 l 
TEMPERATE. tC 


- 145 - 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. TI- 8— 22 DATE 7/12/71 

POSITION 49- 2.0Ny 130-40.0W GMT 14.5 

RESULTS OF STP CAST 1O7 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 8.85 32052 0 Beees | Zhe 0.0 0.0 
10 8.85 Bec2c 10 Cee? “Gated 0.28 0.01 
20 8.85 32252 20 a2deae Z2hset 0.55 0.06 
30 8.85 32252 30 geen 213.9 0.83 0.13 
50 3.85 32252 50 Ede s) \ClOee 1.38 0.35 
15 8.33 32-53 5 25-31 268.4% 2-07 0.79 
100 6.75 32.89 99 252-82 220.4% 2-67 1.33 
125 6.66 33.30 les 26-15 [89.3 3.19 1.92 
150 6.54 33256 149 26.37 168.6 3-63 2-54 
175 6.50 32.65 its 26.47 159.5 4.04 3-21 
200 6.25 33.78 199 26.58 149.0 4242 3-94 
Zen 5-85 33.80 6e3 26.65 143.0 4.79 4.73 
220 5249 33.81 248 26-70 138.0 5214 5-58 
300 5-10 33.83 298 26.76 132.8 5.81 7.48 
400 4.41 33.9% aa) 26.92 118.0 7.06 11.91 
500 4.08 34.05 496 20.05 106.9 8.19 17.06 
600 3.88 34.14 595 27.14% 98.8 9e2l 22.81 
800 Se2t 34.30 793 27.30 85.0 11.0% 35.78 
1000 3213 34.37 991 27.40 760% 12265 50.55 
1200 2.77 3446 1188 27-50 66.9 14.09 66.58 


1500 AO 34.53 1484 Pad (hs be) 59.0 15. 97 92.37 


SOUND 


1483. 
1483. 
1483. 
1483. 
1484. 
1482. 
1477. 
1478. 
1478. 
1478. 
1478. 
1477. 
1476. 
1475. 
1474. 
1474. 
1475. 
1477. 
1479. 
1481. 
1484. 


> WG: 


Sale DT Poon Cae 
S 3 5 


DB 


PRES ou ees 


3 3 
0] «eel 
300: 
600-7 
J00- REF. NO. 71 - 8 = 22 
| UB-51.0 N 128-40.0 W 
be00) MO.-12 DAY-7 GMT- 21.3 
15004 


= « 
TEMPERATURE, C 
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PACItIC OCEANOGRAPHIC GROUP 

RErERENCE: NOY Th= B= 723 DAGE?) TEVO sie 

POSITION 48-51.0Ny, 128-40.0wW GMT 2133 

RESULTS OF STP CAST 153 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T ) EN 

J 3.31 32649 0 erect 216.4 0.0 0.0 

lo 8.31 32-4) 19 exrecl 2I6.T 0.28 0.01 
20 8.31 32-40 20 gaeel 216.9 O..2D 0.06 
39 8.31 32240 30 Coatet | 217160 0. 84 0.13 
50 8.31 32240 50 25621 277.4 Las 0.35 
73 6.72 32-69 15 25-66 234.9 2.05 O.77 
£0 6017 32.88 99 25-88 214.1 2-61 baz? 
be 6-80 3339 124 20033 li2s4 3.09 1.82 
£50 6.71 33274 149 26649 15764 3259 2239 
OY ee 6.53 33039 174 26.55 1518 3.838 3203 
290 6.29 33.84 99 26.62 145.2 4.25 3.74 
Len 6213 33-88 Zao 26-68 140.6 4.61 4.51 
259 5.83 29689 248 Oe t2 136.7 4.96 5-36 
390 Vere 3391 298 coe a0 129). 4 56 62 eer 
490 4.82 34.901 ete 2 | 20s 9 11751 6.85 11.60 
590 4.59 34.11 496 27.04 108.3 7.98 16.75 
600 4.45 34.20 595 whee, DOL sO 2403 22262 
BOO 3. 86 34.31 193 2t228 87-4 10.91 36204 
L000 3-41 34639 991 ar ee | 8.0) b2.56 SL el2 
1299 303 34.47 1188 27.43 S9el i ' 14.03 67259 
see 28) 2247 34-54% 1484 Cle? Bee. (LSS 93.96 


SOUND 


1481. 
1481. 
1481. 
1481. 
1462. 
1476. 
LG Po 
1478. 
1479. 
1478. 
1478. 
1478. 
1477. 
1476. 
1475. 
1476. 
1477. 
1478. 
1480. 
1482. 
1484. 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 
(P-71-8) 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
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CRUISE REFERENCE NUMBER 71-— 8 


DATE/TIME 
MO DY GMT 
10 30° 300 
10 30 435 
10 30 640 
10 30 545 
IQ 30 1260 
10 30 1600 
10 30 1925 
10) 30 2285 
LOM 285 
10 31 «64520 
10 31 920 
10 31 1305 
10 31 1655 
10 31 2040 
1 anf 30 
Lh of . 525 
Lt 61 LOS 
It 1 1520 
tl 1 205 
j 3 Eps 10 
ll 3 0 
ll 4 0 
bi 1S 0 
ll 6 0 
1s ET 0 
il 8 0 
i ane 0 
12-20 0 
ll 11 0 
il 12 0 
il 13 0 
11 14 C 
ll 15 0 
11 16 0 
LES is 0 
Lro19 0 
11 20 0 
pe Ss | 1) 
21:22 0 
L223 0 
ll 24 0 
ll 28 0 
Lae 0 
Ll 30 0 
LE a207 100 
bl 30. 200 
Lt. 36;) 300 
11 30 4900 
Lb 20) S00 


SALINITY 


0/00 
32.122 
31.534 
32.112 
32.191 
32.407 
32.523 
32.540 
32.506 
32.479 
32.579 
32.638 
32.510 
32.563 
32.673 
32.693 
32.664 
32.647 
32.676 
32.671 
32.648 
32.617 
32.616 
32.621 
322613 
32.638 
32.628 
32.629 
32.636 
32.639 
32.646 
32.634 
32.630 
32.631 
32.650 
32.631 
32.638 
32.615 
32.631 
32.630 
32.618 
32.634 
32.651 
32.653 
32.647 
32.648 
32.639 
32.643 
32.2652 
32.654 


TEMP 
C 

10.7 

10.6 


OMNODddDd ORE KHNNODOOF We OY 


NNNANNDODODDDODDWOVDOYD 


NNANAWN 
eo @. 6 & 6 & O Om OX © 


SCOPOONNWVE NRE WUUAO DOE 


NANNANN NANNING 
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LONGITUDE 

WEST 
125-32 
126- 0 
126-40 
127-40 
128-40 
129-40 
130-40 
131-40 
132-40 
133-40 
134-40 
135-40 
136-40 
137-40 
138-40 
139-40 
140-40 
141-40 
142-40 
143-40 
145- 0 
145- 0 
145- 0 
145-10 
145- 0 
145- 0 
145- 0 
145- 0 
145- 0 
145- 0 
145- 0 
L45> 0 
145- 0 
145.0 
145- 0 
145- 0 
145- 0 
145- 0 
145- 0 
145- 0 
L45—"6 
145- 0 
145- 0 
145- 0 
145- 0 
145— :0 
145- 0 
145- 0 
145- 0 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER T1- 8 


DATE/TIME SALINITY TEMP LONGITUDE 
YR MO DY GMT 0/00 C WEST 
71 «11 30 = 500 322654 720 145- 0 
71 °=11 30 600 32.653 Tel 145- 0 
71-1130 70 32.652 Tel 145- 0 
71 #11 :30 = 800 32.649 720 145- 0 
71 #11 30 900 322659 Tel 145- 0 
71 11 #30 1000 32.662 Tel 145- 0 
71 «11 30 1100 322647 7.0 145- 0 
TL 11 30 1200 322655 Tel 145- 0 
71 11 30 1300 32.656 6.9 145- 0 
71 «11 #30 1400 32-619 6.9 145- 0 
71 11 30 1500 322659 7.0 145- 0 
71 11 30 1600 32.593 6.9 145- 0 
TL 11 30 1700 322654 6.9 145- 0 
71 #11 30 1800 32 2-654 6.9 145- 0 
Ti 11 «30 1900 322656 629 145- 0 
71 11 30 2000 320657 6.9 145—- 0 
71 «11 «30 2100 322656 609 145- 0 
71 «11 30 2200 322655 6.8 145- 0 
71 11 30 2300 320655 6.8 145- 0 
71é612~«2 0 32.663 6.8 145—- 0 
71:#$12 «2 0 322660 6.8 145- 0 
Tis te 83 0 32.660 6.8 145- 0 
Tha. 4 0 32.648 720 145- 0 
Pigt2. 0S 0 322644 608 145- 0 
Jt 12° 5 1518 32.658 721 143-40 
#1 12 5 1935 32.653 720 142-40 
1 si2 6 215 32.2646 720 141-40 
1) 12> 6 515 32.631 6.9 140-40 
7112 6 845 322644 Tel 139-40 
71612 «+6 1130 322674 726 138-40 
47112) 6 1520 322667 728 137-40 
Ti 12) «6 1845 322655 8.0 136-40 
7112 6 2230 32.2590 8.1 135-40 
712612 ~=«7~«=«140 32.618 8.3 134-40 
71612 ~=#«7 = #«=§00 322639 8.5 133-40 
T1¢612 = #T 745 32.534 8.6 132-40 
71#«12)~«7:«21140 32.572 8.5 131-40 
TEL 12 «7 1435 32-2556 8.7 130-40 
Vi 12 #7 1810 32.516 8.6 129-40 
WM 12 «fT 2126 322395 8.3 128-40 
Wie 8s 35 32-390 8.5 127-40 
ti t2, 6) 350 322292 8.4 126-40 
71 #12 «8 «600. 31.135 8.9 126- 0 
71612 «8 «=F15 31.2659 8.9 125-32 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-71-S 
(C.0.D.C. REFERENCE NO. 02-71-6009} 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 
(P-71-9) 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
GCRUTSE REFERENCE 


DATE/TIME 
ye AY. 


12 
Y2 


eg 


— 
PMI MAAL HE SSL Sw 


ki a! 


GMT 
2345 
Q 

6) 

6) 
995 
1599 
2945 
6) 
845 
123% 
ni35 
150 
990 
1809 
200 
0 
390 
4 )0 
999 
1200 
Leo 
1899 
2190 
) 
AOD 
699 
909 
1209 
1500 
1899 
2190 
8) 
300 
69) 
94)0 
1290 
150 
1899 
2100 
U 
3090 
690 
999 
12900 
1599 
13090 
2199 
0 
390 


NUM3ER 71- 


SALINITY 


9/00 
32.282 
32.2298 
42 CS 
eed ah NS) 
372463 
37.043 
37.2495 
32,9358 
32.2631 
322535 
B26 0,30) 
32.641 
32.666 
32.67) 
3? 661 
a2 eo he 
3?.668 
322.661 
47,01 
37.2665 
B26 09 
Se ao 
32 uO 
32.665 
B?..G35 
32.56? 
372.674 
3226565 
32.561 

22! 

0.0 

269 
32.0963 
32.966 
32.0. OSnl 
B 2 «0 lak 
B2..O90 
32267% 
B 2. «,Oaseb 
BO a, TAdk 
32 a Nee 
32.0518 
32.663 
32.697 
32.6016 

0.40 
32.2665 
B 2 oa telac 
32.666 
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TEMP 
C 


e 
FRU DARHMMKMHTMNANWWWIANAA NON SFHwsuvVNAFNMNMIMAMATABA IY CGCOCTS 


PRA RAAARKRAGQACTHAAFAOAPDAFEOKRASOABTAAROATAAOOSOAOADCOOM®BMBOCWOOGSOCS 


LONGITUDE 


WEST 
125-84 
126-29 
126-40 
aa fg 
128-49 
130-40 
132-49 
134-40 
136-40 
138-49 
140-40 
142-40 


STATION 
STATTON 
STATION 
STATYTON 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATTON 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATIUN 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 71- 


DATE/TIME 


DY 


GMT 
390 
690 
990 
1290 
1500 
1800 
2190 
a) 
300 
600 
900 
1200 


SALINITY 


9/00 
322666 
32.668 
32.2663 
32.678 
32.671 
32-671 
32.663 
32-678 
322675 
32.671 
32.673 
32 2682 
322666 
32.66% 
32.672 
32.686 
32.679 
32.681 
322674 
322683 
32.678 
32.6382 
322692 
32.66% 
322694 
32.2682 
32-700 
BZ se OTF 
322672 
32.67% 
32-670 
322676 
32.676 


9 


TEMP 


ee 
Ui UI oO 
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ry 
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AAARKMUAAROARAHARHARKSAGH 


LONGITUDE 


WEST 

STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATYON 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMSER 7TI- 9 


DATES TUNE SA ENTLY TEMP LONGITUDE 

Via Mey YS eae 3709 g WEST 

dle 12-22. ae Baio) Say ON STATION 
TAS 42" 2c, cep a2 nol 6.9 ON STATION 
Ti V2 2en Foe 32.678 522 ON STATION 
Te Veen Bizet 643 ON STATION 
V1 V2 <a 32.695 663 ON STATION 
Koa hans Geary aa 9205318, ee he Ga2 ON STATION 
tC) 12 27 eee A 2 tO 6.2 ON STATION 
Wi erie 0 42.679 62 ON STATION 
ft imme Ria ean ae 32.468 629 ON STATIN 
Gh a ee 32.6653 eR we! ON STATION 
Le Ve 2 Soe Oi 5.9 ON STATIN 
LG 12 231209 323693 De9 ON STATION 
LY 2) 2a Ba O bee Whee) B65 ON STATION 
1 ae eae ie Dore Die ON STATION 
tL ie owe oD 32.798 Det ON STATION 
ns ee ard 1) SACO 6.C ON STATION 
te da 24 2 So $2560 6.9 ON STATION 
Lt A? 2a oe 425.698 el ies, ON STATION 
TY 12> 24. | 300 320? 6.1) ON. STATION 
1) A? 2a leo 32a DO 6.9 ON STATION 
Ty A? 2a e380 325409 6.0 ON STATION 
Tl le ieee oe Ey are ane be he ON STATIUN 
7t 12°78 2150 32.796 6‘) ON STATION 
8 ES a ay Boe ” B22 6.1 ON STATION 
GG LP iis pt BLS, a2 6 GOT 661 ON STATION 
PA O2: iC pera irae jl Bip) hel ON STATION 
8 ih Baws ei ae cde ele pos ANS, A Poe 5.9 ON STATION 
ts MI bot ei ad 6728 99 Beto t 6.0 ON STATION 
Ty O12 alee ee S26 TOT DoD ON STATION 
TA, Vie 25 mee Was dG Yes A.D ON STATION 
Ci a li2) 2 eee 32.2794 bed ON STATION 
Ol oie. ses a) 32126 6.9 ON STATION 
le SE? eae wae) Oe 6%) ON STATION 
Tl F226 (360 s201 13 6.9 ON Sat DN 
TL. £2. ZR ONO 2 ft 16 Den? ON STAT LON 
TA 2 2 ee AP aro Sao ON STATION 
CY A? 2a Beret 5.9 ON STATION 
TL Pe Zoe 526721 620 ON STATIUN 
Clit 2 eos Bee We 6.9 ON STATION 
C2 ee, ee 32.796 Sal ON STATIYN 
oR tes EMR ay elie L.2) 32.708 5.9 ON STATION 
a io ee 32 at O 525 ON STATION 
y Ae Wie i lay Bs Siegen? 18) 3) BY Ark CAS, 5.23 GN STATION 
Tio? Zio 9.9 Set ON “STAT LON 
TAS 2 32.793 Seo ON STATION 
TIONS ee oO A240 70 3 539 GON STATION 
Tila? Cie ca Sa Ws R69 ON STATION 
TAP i 0) 29 539 ON STATION 
14 72228" 30 3761 OT 569 ON STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 71- 


DAT EST DME 


MQ 
12 
|W 
12 


Ce NN ll cee ee cel ce oe cee cee cee ee ee ee ee ce 


DY 
28 


GMT 
390 
690 
990 
1290 


SALINITY 


0/99 
326107 
32.701 
32.704 

0.0 
32-70% 
32.713 
32 CWS 
32-705 
32.709 
32.740 
32.72% 
322725 
32.700 
323749 
32.697 
32.702 
32.702 
32.698 
324 105 
32.703 
BOS fae 2 
By aree2e) 
32% Ol 
32.704 
32.698 
322700 
32.708 
32.703 
322692 
32.693 
32.701 
32.693 
32.6594 
312, 143 
32.701 
322695 
372,69 7 
32.693 
32.712 
32.790 
32.696 
32.701 
32.6095 
32.698 

0.0 
32.708 
32.699 
32.694 


9 


TEMP 
C 


MMVI KHKOMNVI KAHAN 


6 6 e e e e e e e @ e ) e e e 6 e e e r) e e e e e e e e 6 e 6 e e e @ e e 
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DANK MHAMMKMMNARKRKHKHMKH GM GAN KAM KTTMVGTFMFUMNHNMAAACCOW 


LONGITUDE 


WEST 

STATION 
STATION 
STATION 
STATTON 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATTON 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE OB8SERVATIONS 
CRUISE RFFERENCE NUMBER 7T1l- 9 


DATE/TIME 
Mr) DY 


l 


A a a ae re aaa a a ak a aa Na aN a cel Eh ee me a IN PP Ih yi Mo Sig Sere ig we hy 


%) 


3 
3 
3 
3 
3 
3 
4 


OD DOO OOO Sy A ot Sl a oh OO GG Ge a ee ey es es ge 


GMT 
80 
6')9 
9/9 
L296 
1509 
1899) 
2190 
1) 
399 
6)) 
950 
1299 
15907 
1899 
2100 
a 
390 
5) 
9NN 
1299 
E599 
Lahn 
A190 
f) 
399 
Gt) 
910 
1290 
hie iS 28) 
1899 
ZED 
{) 
390 
6909 
909 
1299 
15090 
13899 
2100 
) 
399 
609 
999 
1209 
1509 
1890 
21 Ro 
9 
390 


SALINITY 


VAD 
32.69% 
32 HOS 
32,776 
372.694 
32.693 
32.6995 
32.691 
32.497 
32.693 
32.693 
372707 
32.495 
32.699 
32.696 
32.692 
32.495 
32.695 
37.694 
42.6139 

249 
B82 eos 
326 193 
42.2595 
322696 
a2 erty 

9.9 
32.2793 
eR Ok ae f 
$2 TOD 
BA PUSS 
32a 
42.6 1) 3 
32 er 
32.699 
3?.499 
3229499 
S21 O02 
32.694 
326190 
32.799 
B20 2 
32.699 
32.704 
322698 
32.704 
32.704 
32.698 
32.639 
32 70) 


“+ 

m 

on Core Siero ele Gy a 
oO vu 


e © @ © «6 e 
pt 2 6D ODD O.O > Van wo 


e 
pei 

AoSSae 
at NS 


APARPRAIMAMAMNABAGHA RFR ROW 
° e 
ws 


WI 
~ 
Pe) 


e) 
© «@ @ 


Sie I NAL 
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es Gwe. 6 0.6. "6- 8 6 
WOO wo Vio Op my onus Ow Oo -3 


LONGITUDE 


ON 


WEST 

STATION 
STATION 
STATION 
STATIN 
STATION 
STATION 
STATION 
STATION 
STATION 
STATIVUN 
STATION 
STATION 
STATION 
Sey od 
STATION 
STATIUN 
STATION 
STATION 
STATIN 
STATION 
STATION 
STATIGN 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATIAN 
STATION 
STATION 
S RAT GON 
STATION 
STATION 
STATION 
STATTON 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STAIN 
STATION 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE CBSERVATIONS 
CRUISE REFERENCE NUMBER 71- 9 


DATE/TIME 
YR MO DY GMT 
72 i 1 (SR, BVO 
72 UL Paaweeo 
#2 (1 9 eo 
72 t2 SA a200 
12 12 29,2900 
712 21 2.1890 
12. PAP 2 1.90 
12 tO Q 
re. V2 8 poe 0 
Te 4 Fo, 400 
12 ae Aa. 899 
We. Fi LO... 1200 
724 1O..1599 
t2/7A 10,1809 
hee wh) 1. 2100 
emer. Lah 0 
teu eee ALS AGO 
t2 f2 1b. 600 
Vee wet Ak. Oo 
U2 ee O28 Le 
fewer 1h 1390 
i 91 DL Laoo 
fe Ok 1h, 2.00 
hee oe 0 
few be. ao 
ee LZ en) 
Tee Gly V2 OC 
C2 BY V2 L230 
Pere EZ TaD} 
72 WP 12380) 
12 PE. Bei e 00 
te i 23 0 
72, 1 OS awe 
té 1S. ee 
2 1 Asa, Bee 
2 -} AS ee 
72 1 V3 3500 
2 ¥ 13.780) 
f2 | ls 4Rop 
t2 1 14 ) 
T2 1 14 7400 
2 1 14. 60) 
te 4 14.28 
2 | 14.1200 
f2 Y 14,1590 
72) #1 14 #1800 
2 «2 14 21300 
¥2 bk 34.2210 
t2 2& 15, 300 


SALINITY 


9/00 
32.700 
32.697 
32.753 
322695 
32.718 
322726 
32.701 
S20 713 
3226584 
32.2684 
32.692 
32.702 
32.729 
32.703 
322594 
322695 
32.2695 
32.693 
322094 
32.2702 
32.689 
32.691 
32.2702 
322668 
32.693 
322693 
32 2666 
32.689 
32-691 
322676 
32.633 
322694 
32.707 
32.695 
322694 
32.2699 
32.684 
32 2-684 
32.684 
32.683 

9.9 
32.683 
32.708 

0.0 

9.9 
32.666 
32.675 
32.668 
32.596 
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LONGITUDE 


WEST 

STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 


144-53 
144-12 
143-32 
843-02 
142-23 
141-44 
140-42 
3 9<=1 
138-40 
136-40 
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SURFACE SALINITY ANDO TEMPERATURF O3SERVATIONS 
CRUISE REFERENCE NUM3ER T1- 9 


DATE/TIME SALINITY TFMP LONGITUDE 
VRC EM DY Gay 9790 G WEST 
Lamy Vane Be ALi 2 018 42:e596 ie 1346-40) 
075 OE Seine Cues We ae ded 135-7 | 
C2 a ae ase Wee OO) 29 P27 40) 
LS aaetig B08 A MRS Wt, 32335 Jeo 139-40) 
Ue LOE ae Oa 32.469 4 128-4% 
Gat ORIN” Leak Oats) ewe Wie de. 2) 127-49 
Lg ae ed OR Me iN Ws ea 32.472 U.eD ~ 124-49 
LA EEN rs Gh es Soa, Qe) 26s) 
en RAO oe) s) 31.47? vel Dae 34 
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I. INTRODUCTION 

The developments of technology have a rapid effect on all branches 
of scientific research. Remote sensing of the sea is being made more at- 
tractive, scientifically and economically, by continuing improvements in 
Space vehicles, sensors, navigation equipment and so on, whose development 
is most often spurred by other, often military, considerations. 

Aerial photography, which has been used extensively for mapping, 
military surveillance, resource management and geology has been extended 
by the use of colour and infrared films and more recently by infrared 
scanners, microwave radiometers and gamma ray detectors, so that most of 
the accessible part of the electromagnetic spectrum can now be monitored, 
though with varying sensitivity,directivity and ease. This passive remote 
sensing can be supplemented by active methods, such as radar and lidars which 
measure the response of the target to radiation. 

Many properties cannot be measured remotely at all, but for those 
that can be measured conveniently from a satellite, for example,a world-wide 
picture andits day to day variation is now available to us. In other 
cases, development of new sensing systems has made operation from an air- 
craft quicker, cheaper or in other ways more desirable than work from a 
ship or buoy. 

This report describes work from both aircraft and satellites. 
Sensor systems are described in more detail in their airborne applications 
in Section II and the various possibilities for space craft are discussed 


in Section IlJq 


Il. REMOTE SENSING FROM AIRCRAFT 


(a) Passive sensors. 
In a passive measurement the sensor receives either radiation 


emitted naturally by the target or solar radiation reflected from Tete 


(1) Optical methods using photography 

Photographic film 7s sensitive to radiation of wave length 
shorter than about lu (=1000 nm = 10000 A). The recorded light intensity 
is often a very nonlinear representation of the true light intensity and 
the film is not as sensitive a light detector as a photomultiplier, but 
where film can be used it has the advantage of storing information very 
densely in a very convenient form. Colour photography provides broad band 
spectroscopy of the light reflected from a target,which can be extended into 
the infrared (see for example Scientific American article by Colwell, 1968). 

In hydrography, photography has been used extensively for map- 
ping shorelines and shoals for chart construction. Since water is partly 
transparent in the optical region, the exact shoreline at a given state of 
the tide may not be well defined on an aerial photograph. The maximum trans. 
parency for ocean water is in the wavelength band .4 - .5u where the attenu- 
ation length is in the range 30-100 m, while closer inshore the maximum is 
at .5-.62 with an attenuation length of roughly 5m. If the shoreline is 
photographed with aerial infrared film which responds to . 72, 9 ee the acte- 
nuation length is less than one meter and the water/land interface becomes 


much more distinct. 


The transparency of coastal water in the blue/green makes 


ys 


shallow depth measurement possible. Anderson (1970) has investigated the 
possibility of mapping the 6 ft. contour (and possibly the 12 and 18 ft. 
contours) from the air, though measurements are complicated by varying 
transparency and bottom type. Vary (1969) and Helegeson (1970) have also 
investigated this problem. Vary (1971) has tested a colour film specially 
developed for this purpose. 

A typical program for coastal surveying (Swanson, 1964) might 
involve taking a black and white infrared photograph at high tide to de- 
termine the shoreline, and a colour photograph at low tide to find shoals. 
An infrared photograph could also be taken to give the low water line. 

Ice cover and icebergs are regularly photographed from the air. 
For shipping protection and routing the ice must be monitored regularly and 
cloud cover is a serious limitation. 

Where adjacent bodies of water differ in colour, aerial photo- 
graphy can be used to map water circulation. This is usually possible near 
river estuaries where silt laden water can be easily distinguished from 
clearer sea water. Circulation of Fraser River water near Vancouver has 
been studied for evaluation of sewage disposal methods (Fjarlie, 1950) and 
recent examples of this work have been described by Carlson et al , 1970 
and Drake et al , 1970. Simultaneous infrared photography has also been 
found useful here, because of its short penetration depth, to distinguish the 
purely surface features (Huh, 1971). 

The spectrum of sunlight reflected from scattering centers up to 
several meters below the surface can be searched for the characteristic ab- 
sorption line due to chlorophyll] at .68u. Presence of chlorophyll above 


OZ g/m? indicates presence of sufficient plankton to support commercially 


viable fish concentration, and a map of observed chlorophyll] absorption 
would be of great use in the fishing industry. (N.A.S. (5 i. SeCtLONSia wards 
p. 51, Clarke, Ewing and Lorenzen, 1969). 

Ewing, Lieberman and Yentsch among others, have studied problems 
associated with chlorophyll] detection. Their work and other work on ocean 
colour is reported in "The Color of the Ocean," 1969 (see "Books and reports" 
references). 

Sunlight reflected specularly from the surface of the sea 
reaches an observer from those areas of the surface (facets) which have the 
appropriate slope. Cox and Munk (1954, 2 papers) have studied the glitter 
natterns formed by these facets using aerial photography and have derived 
from them the slope distribution of the surface. 

Aerial photography has also been used to track currents and 
diffusion processes where the sea has been artificially marked with buoys 
or dye. (Oliffe and Varney, 1964; Assaf et al, 1971; and, for a local cur- 
rent survey, Keenan et al, 1966). 

Internal waves at interfaces between layers of different densi- 
ty in the sea become visible as bands of increased roughness on the surface 
of water with a separation of 1000 to 3000 ft. They have been observed 
from the air in coastal areas where they are initiated by tidal currents. 
Shand (1953) shows photographs of surface bands of roughness due to internal 
waves in the Georgia Strait, and a study of these waves is continuing at 
D.R.E.P. Victoria, B.C., under Dr. H.L. Grant (Hughes, 1969). 

Cameron (1962) has reported on a method that makes use of 
stereophotography and viewing to measure small movements of any material 
floating on the water surface, such as foam or ice. When making aerial 


Surveys over land it is common to take pairs of photographs, one a short 


interval after the other, and to use the stereoscopic view produced to 
contour the ground. If an object moves between the two exposures, it 
may appear higher or lower than it would if stationary. The shift can be 
used to estimate the motion. 

Stereo photography can also be used to survey waves on the 
Ocean surface. Over land where features are stationary, stereo pairs can 
be taken from a single aircraft which takes two photographs from points 
some distance apart; over the ocean two aircraft must be used to take simul- 
taneous photographs at the required spacing. In SWOP (Stereo Wave Observ- 
ation Project) stereo pairs of photographs of an area 2700 ft. x 1800 ft. 
of the open ocean surface were used to obtain 5400 simultaneous spot heights 
on a square grid with 30 ft. spacing. The two dimensional wave spectra with 
180° direction ambiguity were then calculated digitally (Coté et al, 1960; 
See also Kinsman, 1965 for a summary of this project). 

Useful information on wave state can also be extracted from 
aerial photography by analogue Fourier transformation using a"holographic" 
technique. A suitably processed transparency of the photo diffracts a plane 
parallel light wavefront. Straight parallel wavecrests in the photograph 
diffract light through an angle depending on the wavecrest separation. 

The complex diffraction gives information on the two dimensional wave spec- 
trum (Uberoi, 1962).Noble (1970)has used an analogous technique for satellite 


photographs. 


(2) Infrared (wavelength longer than Iu) and ultraviolet sensing. 
Semiconductor infrared sensors are now available that are 


extremely sensitive for the wavelength range from In to millimeter wavelengths. 


A black body at 300°K radiates its peak energy/unit wavelength interval at 
about 10u. The cloudfree atmosphere has "windows" (transparency greater 
than 50%) in the near ultraviolet,optical and near infrared at 0.3 - 1.3u 
and from 1.4 tows. 9u.220sto: 26u. 0 cho al, 4 s4irto SeOwandssiiGetartc.anm 
Beyond 14: the attenuation is very large up to wavelength greater than 1000u. 
During the day the infrared radiation of wavelength less than 3y from a tar- 
get would be mostly reflected sunlight; only in the 8 to 13.5u band do 
infrared pictures taken during the day indicate target temperature. Cloud 
and even slight haze can absord infrared radiation very strongly, depending 
on the total water or water vapour content of the air. 

Infrared viewing systems may be simple radiometers (airborne 
radiation thermometers - A.R.T.) or may scan in either one dimension (scan- 
ners) or in two dimensions (usually called ‘imagers') which can take a 
TV type' picture from a stationary or moving vehicle. 

A typical infrared scanner uses a single sensor whose instant- 
aneous view of the ground or sea surface defines the resolution limit of the 
instrument. This field of view is moved from side to side, usually by a 
rotating mirror, while the forward motion of the aircraft advances it in 
the other coordinate, so that the sensor scans a Strip under the aircraft. 
The sensor is usually a cooled semi-conductor giving an electrical output 
varying with the incident radiation level. Radiation is focussed on to the 
sensor by a telescope with a dielectric interference filter to limit the 
incoming radiation to wavelengths of low atmospheric absorption. The 
electrical signal from the sensor is converted to a picture on a cathode- 
ray tube and may also be stored on video tape or photographic film. Elec- 


tronic processing may be used to counteract movements of the aircraft and 
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compensate for the longer path length in air for observations off nadir. 

For accurate quantitative measurements correction must also be made for 

the total absorption based on a model atmosphere. Radiation collected by 
Such a scanner system can be shared between many detectors, and in satel- 
lites (Section III) Separate scanner outputs may give pictures in several 
optical bands using photomultipliers as well as infrared bands. For a 

review of scanning devices see Lowe, 1968 and for an example of current state 
of the art see Zaitzeff et al, 1971. For articles on infrared detectors see 
Holter and Legault, 1965 and Klein, 1971. 

The scanning principle can easily be applied to the near ultra- 
violet (0.3u to 0.4u) using a photomultiplier as the sensing element. Lowe 
and Hasel1(1969) used multispectral scanners between 0.32 and 1.4u to ob- 
serve an oil slick, and found that it stood out particularly well in their 
band from 0.32 to 0.38u. 

For measuring temperatures from the air, the window between 8 
and 13.5 is commonly used. Absorption in this window is slightly less 
than that in the visible (25% absorbed as against 40%, computed for a 
vertical path through the whole atmosphere) though clouds absorb at least 
as strongly as in the visible. A scanner operating from an aircraft at this 
wavelength will sense the temperature of the top 10u of the sea's surface, 
this being the approximate attenuation length at this wavelength. Because 
of the low dielectric constant in the infrared (about 2) less than 2% of 
incident infrared radiation is reflected. The emissivity of the sea's 
Surface is thus 98%. Pictures taken with infrared scanners can show the 
water temperature of the thin (less than 10u) surface layer. Sudden tempe- 


rature discontinuities are particularly easy to record and pictures of 
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convection cells, wind streaks and breaking waves have been published 
(McAllister & McLeish, 1965) and the boundary of the Gulf Stream near the 
U.S. Coast has been extensively surveyed ( Pickett, 1968, Wilkerson and 
Noble, 1969; Curtis and Rao, 1969) .Saunders (1967 (a),1967(b) and 1968) and 
Saunders and Wilkins (1966) have studied the accuracy that may be attained 
in making sea surface temperature measurements from the air with an A.R.T. 
Saunders (1967) has tested a normal/oblique viewing method which he finds 
Can give an absolute accuracy of + 0.2°C. More recently he has described 
measurements using only normal viewing and methods of correcting them to 
the same absolute accuracy of + Orie (Saunders, 1970). 

If two different infrared bands are used for which sea water 
differs greatly in opacity, the measured temperatures will be those appro- 
priate to averages through different depths of water. By observing in 
two bands simultaneously and comparing the two temperatures observed, an 
estimate can be made of the temperature gradient of the sea surface. This 
temperature gradient is a measure of the heat lost by the surface providing 
that conduction is the primary mechanism. McAlister and McLeish, 1965, 
observing at 2.0 to 2.4 and 3.5 to 4.0u (where 50% of the radiation is 
absorbed in 400u and 50u respectively) were able to measure temperature 
differences between 0.1 and 0.2°C that agreed with the estimated heat lost 
for the conditions prevailing. More recent work with this system from an 
aircraft using a digital on-line data reduction system has given an accuracy 
of + 0.003°C for the temperature difference between bands 3.4 to 4.1, and 
4.5 to 5.lu (McAlister, McLeish and Corduan, 1971). The accuracy of water 
temperature measurements was reported as + 0.01°C, though more tests are 


probably needed to confirm this. Variation in sea state did not appear to 


ane 


affect the results. 

The thin surface layer, whose temperature is measured with an 
airborne radiation thermometer,will be cooler and more saline that the sea 
water immediately below it as a result of evaporation and thermal radiation, 
though precipitation may temporarily reverse this. The dynamics and other 
properties of the surface layer have been discussed by by Katsaros (1969). 

McLeish (1970) discusses the small scale spatial variations in 
Surface temperature observed with an A.R.T. and concludes that these are 
caused by slicks of oil and other organic material whose distribution 


reflects the turbulence in the upper layer of the ocean. 


(3) Microwave sensing. 

Microwave sensors have the great advantage of "all weather 
capability", but suffer from resolution limits due to the comparatively 
long wavelengths involved. Beam widths measure usually not less than 
hea las which at 3 cm implies an antenna nearly 2 meters across. In order 
to produce a raster pattern the response must be scanned from side to side 
sufficiently fast to leave no unobserved areas on the ground between scans. 
For an aircraft flying at 1000 ft. a 1° beam will cover an area of about l6ft. 
across on the ground, so that for an aircraft travelling at 400 ft./sec. the 
Scan can only last 1/25 second. Such rapid motion implies an electronically 
Scanned array (Louapre, 1968) unless only a single strip beneath the air- 
craft is to be surveyed. 

Energy emitted by a black body at 300°K falls off rapidly 
below infrared frequencies, bu’ microwave radiometers can be made sufficiently 


Sensitive to measure the small amount of radiation remaining. For the above 
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example at a wavelength of 3 cm, the radiometer might be required to 
measure temperature to an accuracy of 1°K in 1 msec. and would therefore 
have to have a ratio of noise-temperature é ‘aeh to bandwidth (Hertz) 
of 1 to 4000, for example 100°K and 40 MHz. Such parameters probably 
represent the approximate state of the art (Ewen et al, 1968). 

At these long wavelengths water has approximately its DC 
dielectric constant of about 84, a value which in the absence of conducti- 
vity losses implies an emissivity of about 0.35. At frequencies below 
100 MHz the conductivity causes this value to drop still lower. 

A radiometer operating at wavelengths longer than 2 cm 
pointing vertically down at sea water at 280°K will therefore indicate 
a temperature of only about 100°K. Atshorter wavelengths atmospheric 
absorption increases and raises the apparent temperature to 135°K at 
1.55 cm, and 150°K at 0.85 cm (Stogryn, 1967). The exact value of this 
low measured temperature is very sensitive to the emissivity of the surface. 
Actual temperature measurements of the sea are therefore more att frou t, 
though experiments indicate that an accuracy of + r-24K may be possible. 

Measurements of the emissivity variation due to changing 

wave state, leading to wind speed measurements have been proposed by several 
authors. The observed temperature is predicted to be most sensitive to the 
wave state at inclination angles of about 50° (Stogryn, 1967) where the 
observed temperature should increase by 1 to 2°K for each m/sec. of wind 
velocity. This prediction has been checked by Hollinger (1970 and 1971) 
and by Nordberg et al (1968) whose results confirm the increase in emissi- 
vity with wind speed, but disagree with the theory in many respects. Pre- 
dictions are complicated by the effects of capillary roughness on top of 


gravity waves and by the high emissivity of any foam present on the surface 


ae 


(Williams, 1969; Droppleman, 1970(a)s Ross et al,1970; Auckland et al, 1971). 

Ice has a much higher emissivity than does water, although 
the exact value of this and other properties vary with the age and past 
history. At microwave frequencies the dielectric constant is dout 3.5 with 
a loss tangent of about 0.1 to 0.3 giving an emissivity of about 0.91 and 
observed temperatures between 200 and 250°K. Contrast between ice and 
water will therefore be very high, and passive microwave radiometry can 
easily be applied to all weather ice surveillance, though with low spatial 
resolution. 

Ice thickness measurements may also be possible. For a loss 
tangent of sea ice of 0.1, radiation would penetrate about0.g5 of its free 
Space wavelength before being reduced in intensity by a factor of 1/e. 
Because of the long wavelengths involved, this implies that a microwave 
radiometer will be sensitive to subsurface temperature in the ice, down to 
a depth of a few tens of centimeters for microwave radiation near 1.5GHz. 
For very thin ice over sea water, a microwave radiometer will indicate a 
very low temperature, tending towards the 100°K mentioned above for water 
alone athe ice thickness tends to zero. For thicker ice, the observed 
temperature will tend to the 200 to 250°K figure for ice alone. It is 
difficult to predict what thickness discrimination is possible, since the 
method will be sensitive to surface and conductivity differences of diffe- 
rent areas of ice. Older, less salty ice, for example, will provide lower 
attenuation to radio waves. Investigations of this method are being 
Carried out in Canada by Hartz (1970), whose initial results Suggest that 
temperature differences due to ice up to 5 ft. in thickness can be detected; 


and also in the US (USNOO/NASA report) . 
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Microwave radiometers may also be useful in detecting and 
monitoring oil slicks on water. Oi] changes the reflectivity of the water 
surface and also damps out capillary waves. Both these effects change the 
microwave temperature observed. 

Droppelman (1970 b)reports airborne measurements with a micro- 
wave radiometer which show the predicted reflectivity change in the water 


surface due to the salinity change at the mouth of the Mississippi. 


(4) Other passive sensors. 

Gamma rays have been used for geological surveys from the air, 
but in oceanography have only been used for shipboard tracing of water 
bodies tagged (usually inadvertantly) by radionucleides. 

The magnetic field variations caused by motion of the (conduc- 
ting) sea water in the earth's magnetic field, can be measured and used to 
determine the wave spectrum. The variations also form a noise-like back- 
ground which, together with ionospheric micropulsations, hinder the airborne 
detection of magnetic anomalies due to submerged submarines. The effect 
has been discussed byMaclure et al (1964) Warburton and Caminiti (1964) 
and Weaver (1965). Baker and Graefe (1968) have used an airborne magneto- 
meter for measuring ocean wave profiles and spectra by flying at 100 ft. above 
the water, well away from the magnetic bottom (i.e. in deep water) and 
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measuring fields to 0.03 nT (compared to the earth's 4X10°nT). The method 


appears capable of detecting waves with periods between 10 and 30 seconds. 
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(b) Active sensors. 
(1) Radar. 

Active microwave sensing (radar) has four types of uses in oceanography 
Scatterometry -- measurements of roughness of the sea surface, altimetry, 
high resolution mapping and Doppler measurements. 

i. Scatterometry. 

Wave clutter due to reflections from waves iS a limiting 
factor in detecting nearby objects with shipborne radar. The clutter 
contains statistical information about the waves and several airborne radar 
systems have been developed to investigate what properties of the wave 
State can be determined. In an early experiment the fraction of returned 
power for an airborne radar directed downwards, 2° below the horizontal, 
has been found to increase by a factor of about 16 between sea states | 
and 4 (Katz, 1965). Returned power over a greater range of depression 
angles and directions (upwind/downwind) has been analyzed by Marks (1965). 

Moore (1968) has developed a scatterometer using frequency 
analysis of the reflected pulse. The radar beam is 120° wide fore-and-aft 
and 3° wide side to side. The varying doppler shift allows reflections 
from different parts of the beam to be separated. It is also possible 
to use the different travel times for radiation which left the antenna 
in different directions to make this separation (Moore, 1966). Possibilities 
for these systems over a range of different radio frequencies are being 
investigated (USNOO/NASA report, Krishen, 1971) .Guinard et al (1971)and 
Valenzuela, Laing and Daley (1971) have reported on extensive research 
using the Naval Research Laboratory's 4 frequency radar (4FR) from an air- 
craft and have used their results together with predictions of the radar 
cross section, to derive the ocean wave spectrum for sea wavelengths be- 


tween 0.3 and 11 cm. The scattering theory is based on the resonance 
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principles described later in subsection v. 

ii. Altimetry 

A pulsed downwards looking radar gives range information 

as well as wave state information. Such radar altimeters can be used to 
give information about very long waves if the aircraft motion is sufficiently 
well known, but its ability to measure shorter waves is limited by the area 
of sea illuminated by a single pulse (Barnett & Wilkerson, 1966; Yaplee 
Sheed O71) 

Accurate altimetry, together with an accurate inertial 
navigation system may make possible measurements of large scale distortion 
of the ocean surface due to weather systems or to currents, tides and 
bottom features. (see the discussion for spacecraft in Greenwood et al, 
1969 - 2 papers). 

iii. Radar mapping 

High resolution radar pictures can be made for mapping 
and ice surveillance purposes using sideways looking airborne radar (SLAR). 
In the sideways looking configuration, a long antenna is mounted down the 
side of the aircraft to give high resolution in the along track direction, 
j.e. 200 ft. at 5 miles, 2000 ft. at 50 miles. Output can be recorded by 
using the returned pulse power with compressed dynamic range to modulate 
a moving light spot which is then photographed on a continuously moving 

film strip. The strip of ground mapped might be 50 miles wide and several 

hundred miles long and can be combined with parallel strips to cover large 
areas (see general reference Kiefer and Scherz, 1970). 

Synthetic aperture, or fully focussed SLAR, uses the 


principle of aperture synthesis. Here observations of a stationary scene 
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made at different times with a moving antenna are combined to give a much 
higher along track resolution than the beam width of this antenna would 
allow. This increase is such that the resolution becomes independent of 
range and might be 50 ft x 50 ft. to the range limit of the instrument. 
The technique implies use of coherent radiation and considerable analogue 
signal processing equivalent to a one dimensional Fourier transform. The 
aircraft must fly a straight course, though some electronic correction 
for a curved flight path is possible. Ultimate resolution along 
the track is half the antenna length at any range. Either real or 
synthetic aperture SLAR can be used for all weather ice surveillance 
(Johnson and Darmer, 1971) or coastline mapping. Return intensity over 
the open ocean may also give high resolution information on wave state. 

For a review of SLAR types and uses see NAS 1969 (6) 
Sensors and Data systems. (See "Books and reports" references). 

iv. Doppler Radar navigation 

Doppler radar is the basis of the doppler navigation 
system used on many aircraft, though now being replaced by the inertial 
navigation systems (I.N.S.). These radar systems operate near 9 or 13 GHz 
and compare the doppler shifts of returns from four beams (left and right 
forward, left and right backward) to get the ground velocity vector of 
the aircraft. Over the sea the measured velocity vector will be affected 
by motion of the water surface caused by currents, wind and waves. If 
the exact course of the aircraft can be determined by other means (for 
example using INS) then the course measured by doppler radar will give 
a measure of surface drift. A standard relation for the wind drift that 
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is observed with a doppler radar navigation unit is 1.28 Ne knots, 
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where ee is the wind velocity in knots. It should be possible to separate 

the effects of at least the larger, near-shore currents from this, although 

’ waves and resonant scattering (see next subsection) will also have an effect. 
v. .Resonant Doppler radar returns 

The radar returns from a random surface such as that of 
the sea will be dominated by the signals from scattering centres placed 
so as to give a coherent build-up of scattered power in the direction of 
the receiver. At grazing incidence, for a monostatic arrangement (ver 
using the same antenna to transmit and receive), this return will be due to 
that component of the water wave spectrum having a wavelength equal to half 
the radar wavelength (for the first-order resonance), and a direction of 
propagation directly away from or towards the radar. These water waves 
will have a characteristic phase velocity and hence cause a characteristic 
doppler shift of the return signals. 

The effect is especially marked at low radio frequencies 
where the resonance is with the longer, more dominant, water waves. Crombie 
Gey found that by far the strongest component of sea clutter return from 
coherent radar signals at 13.56 MHz had a doppler shift of 0.38 Hz compared 
to the expected value for this resonance of 0.376 Hz. Sofaer (1958) found 
that the resonant, doppler shifted return near 50 MHz caused rythmic fading 
on broadcast TV receivers near the coast. Early Russian work is described in 
Braude (1966) and in later work Bass et al (1966) summarize the result that 
the doppler shifts for radio frequencies from 1.5 to 10,000 MHz agree with 
the predicted values. At the higher frequencies, however, the effect is 
masked by motion due to longer waves and wind (see for example work done 
by Melnichuk and Chernikov, 1971 at 10GHz and by Wright and Keller, 1971, 


in the laboratory). Crombie (1971) has used a broad band radar system 
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operating between 1.7 and 12.37 MHz in an experiment to measure the ocean 
wave spectrum from the shore out to a distance of about 100 km. He was able 
to resolve the return doppler spectrum to 0.002 Hz and found components 
(typically 0.04 Hz wide at 8 MHz) returned from both advancing and receding 
waves. Using the theory of Wait (1966) he related the observed return 
intensity to the wave spectral density and found good agreement with simul- 
taneous aircraft measurements of the wave spectrum. His results also show 
that the equipment can be used to measure sea currents. 

Peterson, Teague and Tyler (1970) have used Loran A signals 
at 1.35 MHz to make bistatic radar measurements with the receiving antenna a 
long distance from the transmitting station, to measure some components 


of the wave spectrum out to about 140 km from the shore. 


(2) Lidar (Radar-type measurements using a light source). 
i. Laser Profilometer 

To measure the detailed wave profile below an aircraft, 
a laser system can be used in which a very small area of the sea is illumi- 
nated at any one time. A pulsed laser would give gaps along the flight 
path so an amplitude modulated CW laser is usually used. The laser wave 
profiler described by Olsen and Adams (1970) can give an accuracy of 1.5 cm 
flying at a height of 60 m. The laser illuminates a spot 2 cm across and 
can measure height with a time constant of about 50y sec. The lidar can 
therefore give a complete measurement of the gravity wave profile from 
which the statistical properties can be calculated later. Schule et al 


(1971), Ross et al (1970) describe the use of such an instrument. 
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ii. Laser water depth measurement 

A suitably designed pulsed lidar system can detect the 
return from the bottom of shallow water as well as the return from the 
surface. Hickman et al (1969) describe the use of an airborne system based 
on a blue/green laser, that can measure depths up to abouts oO" Lines unas 
limit depends very strongly on the water turbidity and the nature of the 
bottom, (See also Hickman and Hogg, 1969). 

iii.Spectrometry of the lidar return. 

Laser light, scattered elaStically from a target, will be 
received at the same, transmission frequency. A very small doppler shift 
can be observed for a target moving at aircraft velocities if a frequency 
Stabilized laser is used. It is planned to make use of this shift in the 
design of an airborne mapping lidar being developed by RCA on a contract 
with the Canadian Centre for Remote Sensing (Report Reference 4, report 10): 

Light may also be scattered inelastically. A molecule in 
the target can interact with the light to give up or take in energy, usu- 
ally a quantum of rotation or vibration. The weak frequency Shifted 
components form the Raman spectrum of this molecule and canbe used to 
identify it and estimate its relative abundance. 

The lidar system described by Dr. Carswell of York Uni- 
versity in Report reference 4, report no. 10, is designed to study either 
elastic or Raman scattering from atmospheric constituents or pollutants. 

A stronger interaction occurs when a high energy photon 
is absorbed by a molecule, and the energy is subsequently reemitted in 
transitions at longer wavelengths. An ultraviolet laser can stimulate 


fluorescence in this way in many materials of interest in oceanography. 


Be 


Oil films and dyes fluoresce strongly, and the organic content of sea water 
gives a weaker effect. An airborne fluorosensor is being developed by Dr. 
Measures of the University of Toronto (Report Reference 4, report no. 10) 
and should be useful for pollution studies, and also for tracking dye patches 


in the sea to measure diffusion and currents. 
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II]. REMOTE SENSING FROM SATELLITES 


(a) Introduction. 


Many of the sensors used in aircraft can also be used in satellites. 
The satellite provides less space, power and weight capability for the 
sensor and has a vastly greater capital cost than an aircraft. It is also 
further away from the surface of the ground or ocean and therefore less 
capable of measuring fine details. 

The importance of the satellite in oceanography lies in its 
ability to survey large areas rapidly so as to provide, for the first time, 
almost simultaneous pictures of the state of an entire ocean. If sensors 
can be built to measure oceanographic and meteorological data sufficiently 
accurately, then predictions of the future behaviour of an ocean, as well 
as greatly improved and longer term weather forecast, should be possible. 

This section of the report deals with satellite measurements in 
physical oceanography. Meteorological satellites also provide necessary 
data (atmospheric soundings, pictures of cloud cover and weather systems) 
but are not discussed here. 

From satellite altitudes (125 nm minimum, 5-600 nm typical 
for earth resources satellites, 22,800 nm for synchronous satellites) the 
fine detail on the surface of the earth at a scale of less than 100 meters 
becomes difficult to observe. For most oceanographic purposes this is not 
a serious limitation. More important is the fact that radiation received 
has passed through the entire thickness of the atmosphere. Clouds are 
opaque to the infrared as well as the visible light and accurate temperature 


measurements will be affected by the exact value of the atmospheric absorption. 
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The chance of any one vertical line of sight being cloudfree is about 

40 to 50% on average, while the chance of observing a cloudfree area be- 
comes increasingly smaller with the size of the area (see Graves, Sherr 
and Glaser, 1970, for a discussion of cloud cover statistics). 

A summary of possible oceanographic sensors for use in spacecraft 
is given in the joint USNOO/NASA report. Most of the aircraft techniques 
can be adapted to use in satellites but the value of such a move has to 
be carefully considered in each case. The report lists uses of photography 
and other passive imaging devices as well as radar and lidar. Special 
purpose spectrometers for detecting particular molecules have also been 
suggested. 

An additional problem in satellite work is the transmission of the 
collected data to earth. Only in special cases where high resolution (and 
perhaps secrecy) are required is it worth the expense of actually returning 
photographic film to the ground. In all earth resource satellites, weather 
sateilites, etc. pictures are transmitted to the ground by television links 
of varying degrees of resolution. The manned Skylab A planned for April 
1973 will carry an Earth Resources Experiment Package (EREP) as a follow- 
up to the ERTS-A satellite. Photographs, line scan and other output from 
EREP will be carried back to earth by each of the 3 crews who will visit 
the Skylab. 

Pictures for retransmission are recorded by either vidicon tubes 
or spectral scanners. The earth resource satellite, ERTS-A will use both 
these techniques. Vidicon tubes will take pictures through blue/green, red 
and near infrared filters (.475 to .575u ,.58-68u , .69-.830u). Each 
picture will cover a 180 km square area on the ground and will be trans- 


mitted as intensity measurements in 4200 x 4200 elements. The predicted 
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ground resolution is about 100 m. A spectral scanner will scan the same 
strip of ground, 180 km wide, through a telescope, and have about the same 
resolution. Light received by the telescope is focussed on sensors receiv- 
ing 4)bands-at .5-.ou , .G-./0) . o/s. GUcand,.o-| [Noe banifen sate li iics 
(Tiros, Nimbus, ATS and ESSA series) designed for meteorological purpose 
have also transmitted pictures using these techniques in the visible and 
infrared, but with much lower spatial resolution (NASA, 1970). 

The following is a summary of satellite applications in oceano- 
graphy taking types of sensors in roughly the same order as in the previous 


section for aircraft. 


Covi acs INCHSeNSOns 
(1) Pictures in the visible and near infrared (.4-1.11) 

Pictures with 100 meters resolution may be useful for large 
scale mapping of coast lines but in most cases the greater resolution of 
aircraft surveys will be required. For surveying ice and icebergs on the 
sea a Satellite with its capability for making regular observations is 
extremely useful, but coverage is limited by cloud cover. For observations 
of snow and ice however, the effects of cloud can be greatly reduced by 
mapping the "composite minimum brightness" (CMB) over, say , a 5-day period. 
A computer selects the minimum brightness observed for a given ground loc- 
ation in several days of observations from a sun-synchronous satellite. In 
areas covered by ice or snow and in the few areas always cloud covered 
during the 5 days, this minimum will be relatively high. McLain (1969, 
General reference), has presented a series of 5-day CMB pictures of the 


Canadian Arctic showing receding ice and snow during the summer. 
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Colour pictures from space have shown some details of the sea 
bottom, particularly in clearer water near islands in mid-ocean and some 
useful depth measurements may be made. The telemetered pictures from ERTS-A 
will have 3 and 4 channel colour information which can be processed to give 
chests combination for mapping underwater topography or for tracking silt 
laden water against a background of sea water. 

There has been discussion of glitter patterns visible on some 
Satellite pictures and their use as an indicator of wave state and wind 
velocity (Martin, 1969; Strong and Ruff, 1970; Levanon, 1971). The sun's 
image reflected in the sea can cover a fairly compact area under calm 
conditions, or may be spread over a considerable area by rough seas. Ap- 
proximate measurements corresponding to a few meters per second of wind 
Speed up to a maximum of 15 m/sec. may be possible with this method, but 
the result is often an average over a rather large area (several hundred 
kilometers in diameter). 

Astronaut Glenn in the MA-6 flight reported being able to see 
the Gulf Stream, possibly because of the different wave state in the cur- 
rent itself. Variations in texture due to such currents and possibly 
also due to internal waves, may be visible with 100 m resolution (Lowman 1965). 

Analysis of an Apollo 7 photograph using an optical Fourier 
transformation process (Noble, 1970) was able to detect swell with a wave- 
length of 360 meters that had decreased by 5 to 10% in shallow water. 

Some ERTS pictures might show swell patterns, but all but the longest wave- 


length would be at or near the limit of resolution. 
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(2) Pictures in the thermal infrared 2-14y) 

Such pictures can show the temperature of the surface in those 
areas unobscured by cloud or haze. Absolute temperature measurements are 
difficult, but relative temperature changes of about 1°c can be measured 
with simple sensors now in operation; for example, the radiometers on the 
Tiros series and the high (5 nm) and medium (30 nm) resolution infrared 
(HRIR and MRIR) scanners and the IRIS spectrometer on the Nimbus series 
(Glaser et al, 1965; Sabatini, 1969; Conrath et al, 1970). 

Corrections for the effect of atmospheric absorption on the 
observed temperature can be made by considering atmospheric models. Compu- 
terized methods have been devised to automatically reject temperature 
readings that are affected by clouds, and to correct and plot out the re- 
mainder (Anding and Kauth, 1970; Smith et al, 1970; Shank and Salomonson, 
1970; Vukovich, 1971). 

Such large scale temperature maps of the ocean surface are 
now available. Their accuracy and coverage are still limited by cloud but 
can still be extremely useful in weather forecasting for estimating the. 
heat transfer between the ocean and the air. 

Ocean currents can also be followed using their temperature 
difference from surrounding water, as from aircraft (Warnecke et al, 1971; 


Rao et al, 1971). 


(3) Microwave observations 
The "All weather" potential of microwave sensors is an even 
greater advantage in a satellite, but the lower resolving power becomes 


even more of a problem. The bulky (10 ft.) antenna needed to give a 1° beam 
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at 3 cm wavelength will only give a resolution of 10 miles on the ocean 
Surface for a 600 miles altitude, though for surface temperature mapping 
this is probably sufficient. Suggested radiometers operate at shorter 
wavelengths than this (down to 1 cm), but then are more affected by clouds. 
The low emissivity of water is probably the most serious limitation to 
microwave sea surface temperature measurements. The problems of separating 
effects due to the wave state from effects due to varying sea surface 
temperature have been discussed by Williams (1969). Russian experiments 
in Cosmos 243 using microwave radiometers at 0.8, 1.35, 3.5 and 8.5 cm 
wavelengths are reported to give sea surface temperatures to better than 
+ 2°K (BaSharinov et Ol set Oz las 

Ice cover, due to its high contrast with water, would be 
easy to distinguish but the low resolution would again give only a very 
broad picture. Areas of broken ice would give an intermediate temperature 
depending on the fraction of surface covered, but ice only a few millimeters 
thick (for an observing wavelength of 3 cm) would be indistinguishable 


from very much thicker ice. 


(4) More specialized sensors. 

The chlorophyll survey described in section II (a) (4) may 
also be possible from a satellite (N.A.S. (5)),using the absorption line at 
0.681. 

Observations from meteorological satellites at frequencies 
near absorption lines of CO» (Smith, Woolf and Jacob, 1970) and H20 (Gurvich 
and Demin, 1970) are now being used to obtain temperature and water vapour 
profiles of the atmosphere. Such observations are analogous to the heat 


flux (temperature profile) measurements of McAllister et al. for the ocean,and 
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will be necessary along with oceanographic measurements for following 


air/sea interactions. 


(c) Active sensors. 


Synthetic aperture sideways looking radar provides the only 
reasonable way round the low resolving power of microwave systems, although 
an active system has the disadvantage of not responding to the intrinsic 
black body radiation from the target. The resolution possible with such 
a system depends very much on the transmitter power available, but satellite 
systems capable of resolving 10 ft. from a slant range of 1000 km will 
probably be available in the next few years and there is no fundamental 
limit that would prevent a yet higher resolution. Such very high resolution 
is probably not sufficiently useful in oceanography to justify the high 
power requirements and the very expensive large scale data handling. Low 
power, low resolution systems for earth resource satellites have been sug- 
gested (N.A.S., 1969 (6)) and these could be useful for all weather ice 
surveillance. Here however, the economics of satellite observation against 
airborne systems still has to be considered. Ice surveillance is most 
important for main shipping lanes and these could possibly be more cheaply 
covered by airborne radar. 

Radar altimetry from satellites over the ocean has considerable 
interest for measurements in geodesy and in oceanography (Greenwood et al, 
1969, 2 papers; Zetler and Maul, 1971). The ocean surface takes up the 
local shape of the geoid except where it is distorted by weather systems, 
tides, currents or, on the smaller scale, waves. Accurate altimetry from 
Satellites in an accurately knowmorbit could measure all of these, contrib- 


utions from each being separable by suitable analysis and comparison with 


other data. The beam from a radar altimeter will cover an area several 
miles square, so that only the longest wavelength waves will be observable 
directly, but a combination radar-altimeter-scatterometer (see references 
given earlier) could measure the average sea state beneath the satellite. 

Satellites are especially suitable for these large scale altimetry 
measurements although the increasing accuracy of inertial navigation systems 
allows aircraft to be used over smaller areas. 

A laser ranging system can also be considered, but here the al] 


weather capability is missing. 


(d) Communications. 

One of the most useful application of earth satellites in general 
has been in the field of communications. Some recent and planned satellites 
have the ability to relay messages from instrumented stations on earth 
to a central data processing laboratory. Nimbus 3 and 4 have the IRLS 
(Instrumentation Relay and Location System) which relays readings from, 
for example, drifting buoys, as well as measuring their positions to within 
about 10 km with a pulse ranging system. The French EOLE system can inter- 
rogate up to 4000 ground stations and locate them to better than + 1 km. 
ERTS-A will relay messages it receives from up to 2048 separate instrumented 
Stations; a brief (69 bit) message should be successfully relayed from each 
Station at least once every 12 hours. 

Such relay systems will probably be useful in weather or wave 
forecasting in oceanography, where results are needed as soon as possible, 
and will also have advantages over the more traditional tape recording 


in other applications. 
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General Articles on Remote Sensing Techniques: 


Clark, John R. "Thermal Pollution and Aquatic Life". Scientific American, 
March 1969, p. 18. 


Colwell, Robert W. “remote Sensing of National Resources". Scientific 
American, Jan. 1968, p. 54. 


Kiefer, R.W. and J.P. Scherz "Applications of airborne remote sensing 
Technology". Proc. Amer. Soc. Cov. Eng. (Surveying and Mapping 
Division) SUI, 7225, 1970 (Aprid). 


McLain, E.P. "Potential use of earth satellites for solving problems in 
oceanography and hydrology" in Volume 23 American Astronautical Science 
Society, Technology Series, AAS69-596. 

NASA “Ecological Surveys from Space" NASA publication SP-230, 1970. 


Stevenson, R.E. "Oceanographic Applications and Limitations of Satellite 
Remote Sensors". Bull. Am. Inst. Aeronaut. Astronaut., 7 (2) 1970. 


Wilkerson, J.W. “Airborne Oceanography" Geo-Marine Technology, V-28/7 
Sept. 1966. 


Woodward, P.A. "How to get started in remote sensing", Earth Resources 
Observation Systems Program report, October 1970. 


Zaitzeff, J.B. and J.W. Sherman III, "Oceanographic Applications of Remote 
Sensing" in AA 5, p. 497. 
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Books and reports, some referred to in the text or in referencing: 


Ref. 1 as "Oceanography from Space" with page no. 

Ref. 2 as "N.A.S., 1969," with panel no. and page or section. 

Ref. 3 as "A.A.6" (for Ann Arbor and symposium number--also 4, 5) 
and page no. 

Ref. 6 as "USNOO/NASA" report. 


1. Oceanography from Space. 


Proceedings of Conference on the feasability of conducting 
oceanographic explorations from aircraft, manned orbital and 
lunar laboratories. 

Wood's Hole, Mass. 

24-28 August 1964. 


Ref. No. 65-10 
Wood's Hole Oceanographic Institution 
Woods Hole, Mass. 02543 


2. Useful applications of Earth-oriented Satellites. Panels 1-13. 


Especially 5: Oceanography, Summer Study on Space Application, 
National Academy of Sciences 
Washington D.C. (1969) prepared Summer 1967. 


3. Proceedings of the Sixth International Symposium on Remote Sensing 
of Environment. 


Centre for Remote Sensing Information and Analysis 
Institute of Sciences and Technology 

University of Michigan 

Ann Arbor, Michigan 


alSOcC inst: to Eitth in this series 
"Seventh" should be available before the end of 1972. 


4. Reports of Interdepartmental Committee on Resource Satellites and 
Remote Airborne Sensing, 1971. 


Report no. 8 "Water Resources Group" 
Report no.10 "Sensors" 
Report no.14 "Remote Sensing Devices" 
Available from Dr. L.W. Morley 
Canadian Centre for Remote Sensing 
Program Planning Office 
No. 8 Temporary Building 
Ottawa, Ontario 
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Report 70-20-A on project 658 "Remote Sensing of Coastal Oceans" 


Department of Oceanography 
Texas A & M University 
College Station, Texas 77843 


Report on Space Oceanography Project 


USNOO/NASA 
NAVOCEANO 
Washington, D.C. 


Microwave Observations of the Ocean Surface 


Papers given at a meeting held June 11-12 1969 at NASA HQ. Report 
SP-152, December 1970. 

Sponsored by the Spacecraft Oceanography Project 

U.S. Naval Oceanographic Office 

Washington, D.C. 20390 


Society of Photo-optical Instrumentation Engineers, 14th Annual Technical 
Symposium 


Microwave Radiometric Instrumentation for Remote Sensing 
Applications 


San Fransisco, Calif. 
August 1969. 


The Color of the Ocean, report on a conference held at Woods Hole, 
August 5-6, 1969. 


Woods Hole Oceanographic Institution 
Woods Hole, Mass. 


Kinsman, B. "Wind Waves", Prentice Hall Inc., 1965. 
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INTRODUCTION 


On Tuesday evening, March 14, 1972, the 8500 ton m.v. "Vanlene" 
ran aground off Austin Island in Barkley Sound (fig. 1), a rugged and 
isolated inlet on the southwest coast of Vancouver Island and part of the 


new Pacific Rim National Park. 


The Panamanian freighter en route from Japan to Vancouver with a 
cargo of 300 cars, was heading for the entrance of the Juan de Fuca Strait 
when she found herself on the rocks in Barkley Sound, 20 nautical miles off 
course. In a press interview shortly afterwards, the captain revealed that 
ever since her departure from Japan, the ship had been operating without any 


navigational aids except a Magnetic compass. 


Exposed to southerly seas, the 20 year old "Vanlene" was holed 
that same night and had to be abandoned when the engine room flooded. At 
the time of her grounding, there were 400 tons (2666 barrels or 112,000 U.S. 
gallons) Bunker "B" fuel left in her bunkers and some of this fuel started to 
spill when the double bottom ruptured amidships. A persistent southeasterly 
wind of 25 mph moved the slick among the islands and on Thursday morning, less 
than 36 hours after the grounding, patches of oil were reported») as far as 
Forbes Island (fig. 2). Several ships arrived at the scene during the follow- 
ing days to assist in salvaging the vessel and in containing the oil spill. 


oe 


CHRONICLE 


It soon became apparent that despite the efforts to contain the 
oil, a significant portion of the ship's fuel was escaping from the wreck 


and threatened Barkley Sound's ecology. 


To examine the behaviour of the oil in the sea and to help assess 
the extent of beach contamination, the Marine Sciences Branch recalled C.S.S. 
"Vector" from her work area in the Strait of Georgia and despatched her to 
Barkley Sound on Friday, March 17th. The Biological Station of the Fisheries 
Research Board at Nanaimo was advised of the ''Vector's'' cruise and two marine 
biologists, Dr. D. Quayle (intertidal invertebrae) and Mr. D. Outram (herring 


spawning) joined the vessel in Victoria. 


The "Vector" arrived in Mayne Bay early Saturday morning. At dawn, 
two boats were launched and began working their way south towards the wreck, 
examining shores for signs of oil pollution. The "Vector" moved to the 
wreck site for a brief meeting with Mr. Larry Slaght, the Victoria District 
Manager of M.O.T., who was conducting salvage and oil containment operations 


from..C,C.G.5 aeoamse.ll.'. 


After the rendezvous with "Camsell", the "Vector" continued her 
reconnaissance in the general area northwest of the wreck site, taking sea 


water samples at locations where oil had been reported. 


Shore reconnaissance with small boats continued until darkness and 
was resumed at daybreak Sunday morning, covering the western and northwestern 


outer islands of the Broken Group. 


After a second meeting with Mr. Slaght on CNAV "St. Anthony" (the 
"Camsell" left the wreck site Saturday afternoon), the ''Vector'' departed from 


Barkley Sound and returned to Victoria, Sunday evening, March 19. 


Sk 


The weather had been rather inclement throughout the operation; 
the winds were southerly at 15 mph, gusting to 35 mph in rain squalls. A 
moderate swell with an on-shore wind made boat landings on the western 
shore of Barkley Sound (the shoreline southwest of Forbes Island) too 
hazardous. Since the '"Camsell's" helicopter had earlier reported a slick 
off this shore, which is one of the main herring spawning grounds in Barkley 
Sound, arrangements were made with the Fisheries Protection Officer o/b the 


"Comox Post" to visit this area at a later date. 


The "Vector" under Captain C.E. Macaulay was ideally suited for 
this emergency. Her experienced crew and rugged boats enabled us to cover 


a large area in a very short time. There were no breakdowns or delays. 


DISCUSSION 


On the basis of some broad assumptions, we estimated the amount 
of oil drifting in the general area on the 18th and 19th of March to be 
about 500 barrels (17,500 Imp. gallons), and on the beaches 150 barrels 
(5200 Imp. gallons), see fig. 2. 


The "broad assumptions" were as follows: 


(1) The oil in the immediate vicinity (one square cable) of the wreck had 

an average thickness of lmm, decreasing to 1/2mm in the channel north of 
Austin Island, over an area of 3 square cables. In laboratory sae ene. 2? 
the final thickness of oil films on water has been found to vary between 
15 and 150 microns. This thickness increases considerably when the water 
contains surface active agents (also produced by the spreading oil itself) 
and consequently has a lower surface tension. Moreover, the oil in the 
immediate vicinity of the 'Vanlene" was often trapped by an onshore wind and 


could not spread freely. Therefore, a layer thickness of 1mm near the 


vessel and 0.5mm in the channel seemed a reasonable estimate. 


(2) The oil observed in the form of iridescent slicks had an average thick- 

ness of 2.5 x 10ftem over an area of about four square n.m. This assumption 

was derived from basic optical considerations: A thin film will create an 
interference pattern for a particular wave length of light about twice the 
thickness of the film. If visible light has a wave length of about 5 x 1052 eny 
we may expect to see colours when the thickness of the slick is about 2.5 x 10 an 


(107° inches). 


(3) A total of 12 miles of beaches was covered with a one-foot wide band 
of oil at an average thickness of 1/2 cm. This estimate was derived 


from spot checks at various beaches (fig. 2). We concentrated our 


Re tp a 


attention on the more remote islands and beaches north and west of the 

wreck site. The site itself was being examined by a large group of 

Simon Fraser biology students operating from their Bamfield research 

station. This group was quoted by the press as having seen oil two feet 

thick in the area, a report which created apprehension among the public 

but which we were unable to confirm. We learned afterwards that it was 

based on observations of tidal pools on the eastern shore of Austin eerena. ©? 
Since we did not closely examine the immediate vicinity of the wreck, our 


total estimate may be somewhat conservative. 


Beach contamination is even more difficult to assess than oil on 
the sea since a moving sand beach might cover the oil. The"Vanlene's" 
"Bunker B' oil, which turned from black to brown upon emulsification, was 
particularly hard to spot on sandy and log-covered beaches. 'Bunker C'! 
fuel ("Arrow", "Irving Whale") is black and much more conspicuous, as a 
comparison between photographs in the "Arrow" and "Irving Whale" vevures >>? 
and figures 6 and 7 of this report demonstrate. These photographs also 
show the almost negligible beach pollution caused by the "Vanlene" compared 


to that caused by the "Arrow" and "Irving Whale". 


The 'Vector" carried out a series of five oceanographic bottle 

casts to determine whether any oil had dispersed in the water column. One of 
the deficiencies of this procedure is that the bottles become contaminated 

by surface oil when lowered. We attempted to deal with this problem by lower- 
ing the bottles rapidly and agitating the bottles vigorously before sending 
the messengers down. To test the validity of this procedure, the first bottle 
went down to a depth well beyond the suspected maximum depth of contamination 
(about 40 meters). Had this deep sample contained any oil, the results of 


the analyses of the entire cast would obviously be doubtful. 


The samples were inspected by the Biological Station at Nanaimo. 


No oil was found in any of the samples. 


a toe 


During our beach reconnaissance we counted six contaminated 
but otherwise quite mobile birds. Herds of seals did not show any sign 
of contamination. Preliminary inspection of various beaches by Dr. 
Quayle and Mr. Outram was reassuring. Barkley Sound is an important 
herring spawning ground with a peak spawning period around the middle of 
ares Mr. Outram and Dr. Quayle will report their findings in a 
separate paper. The area will be re-examined at regular intervals during 


the next six months. 


No detergents or chemicals were used to disperse the oil. Peat 


moss was kept on hand but not used. 


A harbour boom of logs was initially employed but proved inef- 
fective. A much more sophisticated boom of synthetic material arrived 
on Saturday (fig. 4). The boom, an improved version of the Bennet boom 
dispatched to the "Irving Whale" in 19706”? was supposed to corral the 
leaking oil to a more protected location where it could be collected by 
slicklickers. Local windshifts made this arrangement impractical; the 
boom was never severely tested and there was not enough oil to prove the 


merits of aslicklicker. 


It is. .arelatively. little known fact that an oil barrier only 
works at a certain minimum water depth and maximum current. These conditions 


can be expressed by a dimensionless parameter, the Froude number F: 


We have F = V 


{(1-8.G.) gD} % 


> where 


V = current in feet per second 
S.G.= specific gravity of the oil 
g = acceleration of gravity in 

ft/sec 
D = depth of channel in feet 


i 


This formula is an approximation of 


F = V 
Ap ny 
—gD 
(8D) 
where Ap = oil-water density difference in aineaiar® and 


0 = density of the water in eicigeinece 


Experiments at the hydraulic laboratory of the National Research 


Council at occawa showed that the oil is swept underneath the boom when 


F exceeds 0.4, no matter how deep the oil boom is, or even if the boom is 
inclined to the flow. For instance, in certain shallow locations near the 
"Vanlene', at depths less than ten feet, the oil would be swept underneath 
by a current of 1.5 knots (assuming that the oil's API gravity was 28, or 
its S.G. = 0.89). 


RECOMMENDATIONS 


Our method of collecting subsurface water samples to detect oil 
in particulate form was unsatisfactory. We must find a way to collect 
samples which are not contaminated by oil droplets nearer the sea surface. 
We were aware of this problem and, with the co-operation of a local paint 
manufacturer, tested oil-repellent coatings which would prevent the oil on 
or beneath the sea surface from sticking to the sampler. We have not yet 
found a satisfactory coating. We are still looking at other methods and 


hope to arrive at a better solution within the next few months. 


Unfortunately, we did not have a Clarke Bumpus sampling net as 
was successfully used by F. Barber and W. Forrester after the grounding of 


(9). 


the "Arrow However, this sampler has some disadvantages in that it may 
also become contaminated on its way down to the required depth, even with 
its door closed. It does not take an in situ sample either and the minimum 


particle size is restricted by the mesh diameter. 


Apart from improving our sampling method, we should look into a 
better laboratory procedure. Our Branch has no facilities for the deter- 
mination of the oil particle size. The Biological Station at Nanaimo helped 
us out, but a more formal arrangement in future more serious emergencies 
is advisable. This remark may well apply to all other phases of the 
operation. A great deal of confusion still seems to exist regarding the 
responsibilities of various scientific and technical groups in the event of 
an oil spill. The number of vessels and the amount of equipment and man- 
power sent to the area by government agencies, private companies and volunteer 
groups were excessive. It was a good exercise for all of us, but a clearer 
definition of the responsibilities of these groups is needed to effectively 


cope with a future emergency. 


It is also regrettable that our volunteer organizations have not 


yet been given much guidance and instruction. 


CONCLUSION 


On the 15th of February, 1923, the British freighter "Tuscan 
Prince" was wrecked at Austin Island in almost exactly the same position 
as that of the uifeatenet ee? The "Tuscan Prince" was en route from San 
Francisco to Seattle and her estimated position was well south of Cape 
Flattery, near the position originally given by the '"Vanlene's" captain in 
her distress call. Both ships were at least 40 miles north of their dead- 


reckoning positions. 


They might have been caught in the Davidson current, a variable 
current, which, under certain conditions, flows north along the Washington 


coast. (tt?14) 


Combining with a southeast gale and an ebb tide from the 
Strait of Juan de Fuca, this current can create a considerable northwesterly 
set as was demonstrated by the disabled American steamer ''Nika" during the 
same storm which grounded the "Tuscan Prince’. The burning "Nika" drifted 
from Cape Flattery to the reefs of Barkley Sound at an average speed of 


2 1/2 knots. 


Although of minor impact to the ecology, these accidents under- 


line the risk of a tanker route from Valdez to Cherry Point. 


Assuming a producing rate of 1,200,000 bbls. per day through the 
Trans-Alaska Pipeline System, and a tanker size of 120,000 DWT, the Puget 
Sound demand would amount to 0.22 ships per day. In other words, one tanker 
loaded with 120,000 tons or 28 million gallons of crude Alaskan oil would 
enter the Juan de Fuca Strait every five days. Although these vessels would 
sail under American flag and consequently be maintained under rigid inspection, 
there will always be the possibility of an accident. Regardless of their 
established routes well out from the coast of Vancouver Island, they must 
somewhere enter the Juan de Fuca Strait and this area may be the most vul- 


nerable part of the route, perhaps of the entire operation. An engine 


~€10 = 


breakdown off Cape Flattery in a northerly set such as experienced by 
the "Tuscan Prince" and several others could conceivably cause the ship 
to drift towards the shore near Carmanah Point in four hours, well before 


the arrival of tug boats or rescue vessels. 


The "Vanlene"', nearing the end of her voyage, had only 400 tons 
of fuel left in her bunkers. About 300 tons were spilled and in spite 
of a great deal of effort and modern equipment, none of the 300 tons 


spilled was either contained or salvaged. 


The supertankers entering the Juan de Fuca Strait would not 


carry 400 tons, but 120,000 tons of oil. 


When witnessing the frustration involved in attempting to 
control a few hundred tons of oil, one cannot help but have misgivings 


about the containment of a spilled cargo of a supertanker. 
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FIG. 5 THE "BENNETT" BOOM WITH 
CNAV "ST. ANTHONY", MARCH 18th, 1972 


FIG. 6 | SLICKLICKER AND "BENNETT" 
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